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j A SERIES OF EXPERIMENTS WAS DESIGNED TQ STUDY THE VILUE OF TEACHING
! CHILDREN SUCH A COMPLEX PROBLEM=-SOLVING STRATEGY AS TO USE KNOMWLEDGE
] - OF RESULTS AFTER A PERFORMANCE TRIAL TO REJECT HMORE THAN ONE

N | HYPOTHESIS AT A TIME (MULTIPLE HYPOTHESIS STRATEGY)e APPROXIMATELY
i 150 THIRD-GRADE CHILDREN WERE DIVIDED INTO 3 GROUPS~~THOSE TAUGHT
. THE MULTIPLE HYPOTHESIS STRATEGY, THOSE TAUGHT TO SELECT A

L i HYPOTHESIS AND STICK WITH IT UNTIL PROVEN WRONG (SINGLE HYPQTHESIS

g STRATEGY)y AND THOSE GIVEN NO STRATEGY INSTRUCTION WITH AND WITHOUT
OPPORTUNITY FOR PRACTICE., INSTRUCTION AND TESTING WERE CARRIED QUT
BY MEANS OF AUTOINSTRUCTIONAL PROGRAMS WITH COMPUTER-GENERATED
SEQUENCE. THE EVIDENCE INDICATED THAT INSTRUCTION IN PROBLEM~SOLVING
STRATEGIES WAS SUPERIOR TO UNGUIDED DISCOVERYe RELIABLE DIFFERENCES
BETWEEN MULTIPLE AND SIMGLE HYPOTHESIS STRATEGIES WERE NOT OBTAINED,
MULTIPLE HYPOTHESIS STRATEGY INSTRUCTION WAS CONCLUDED TQ BE NOGT
DEPENDABLY INFERIOR TO VHE SINGLE HYPOTHESIS STRATEGY. INDIVIDUAL
DIFFERENCES IN ABILITY AND AGE, HOWERVERy CORRELATED WELL WITH ALL
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FOREWARD

For a long time, research in learning has been carried
on in the psychological laboratory at a highly theoretical level.
The controlled conditions, the special environment, and the
careful manipulation of experimental treatments which charac-
terize this type of research have often led educators to feel that

the findings are not particularly relevant to the problems of the
classroom teacher,

There are many important questions, however, which
can be profitably investigated in an appropriate school setting.
The vast number of such inquiries is one index of the extent to
which this need has been recognized. Another index of this
change is the fact that more and more educational innovations,
in terms of both instructional procedures and materials, are
now being welcomed by school personnel. While the climate
for research has thus become increa singly temperate during the
past few years, there are many problems of administration, and
inconveniences which result when everyday classroomn: routines
are impinged upon, that should not be minimized.

It is with the acute awareness of the problems involved
that the principal investigators and the director of Project 2477
wish to express gratitude for the continuing cooperation of the
two school systems whose understanding of the need for ex-
ploratory research made it possible to carry out the investigation.
Mr. Thomas Reece, Superintendent of West Elementary District,
who has been so helpfu® in several other University of California,
Los Angeles, research programs under the United States Office of
Education, again was unstinting in his efforts. By his own
recognition of the value of educational research he has assured

the cooperation of the staffs in the schools allocated to the
project.

Mrs. Margaret Johnson, Principal, and Mr. Sidney Carp,
Vice Principal, were especially patient and long-suffering,
having hosted both the two pilot studies as well as the first of
the major experiments of the project.
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Mrs. Lois Fleming has also had previous occasion to
provide research facilities to the University of California,

School of Education, and has amply demonstrated her willing~
ness to share in the research enterprise.

Mr. Kenneth Peters, Superintendent of the second
school district involved in the project, Dr. Isabel Dible,
his Director of Research; and Mr. Frank Scott, Principal of
the school at which the research was carried cut, have had
a shorter history with the research project, but their willing-
ness to cooperaie was amply demonstrated.

Not only were all the teachers and clerical personnel
unfailing in their patience with the unavoidable inconveniences
occasicned by the experimental procedures, but they also
actively demonstrated their real interest by asking for and
attending demonstrations of the experiment. The parents of
the children who also attended these demonstrations, and
finally the children themselves, have made invaluable contri-
butions to the course of the research. Hopefully, a little more

light has been shed on the intriguing question of complex human
learning.
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CHAPTER I: INTRODUCTION

A great deal of interest in recent years has been expressed
in the cognitive development of young children. During the past e
decade, a large number of studies in early childhood development e
have lent considerable support to the possibilities of greatly
improving the competencies and motivations with which children
approach the learning situation. These findings have suggested
that the intellectual capabilities of the young child are receiving
insufficient stimulation in the early grades. The lack is not in
terms of the specific content but rather in the level of complexity
which the teachers expect of the child.

In reviewing the work stimulated by the theoretical formula-
tions of Piaget, Hunt (1961) has emphasized the critical importance
of teaching information-processing skills. He points out that the
cultivation of the intellect may best be facilitated by providing
young learners with the opportunity for asking questions and dealing
with the answers they are provided.

The purpose of the project reported here was to explore the ‘
possibilities of teaching young children strategies which would
improve their efficiency in solving problems. Children generally
adopt a random approach to learning,failing to profit from much of
the information which is available to them. A number of investi-
gators (Braley, 1963; Hovland and Weiss, 1953; Donaldson, 1959;
Smoke, 1932) have indicated that most people do not use all the
information given when they are engaged in a problem-solving task.

i T
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In this investigation, therefore, children were instructed !
in two different strategies for information processing, one at a more Rt
complex level than the other. Each of these was compared to a =
procedure which provided experience in the task without systematic
strategy instruction. The project was also concerned with determining
whether the level of mental ability might be considered an important
factor in the acquisition of such skills.

A major assumption of the project was that these skills
result from a long history of learning to deal with a varietv of new
tasks, Although this experiment, by usual research standards,
involved a comparatively long period of instruction, it represented
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only a sample of what a systematic program might be expected to
accomplish over a long range application. The scope of problems
to which the strategies were applied during the experimental train-
ing was therefore restricted to a limited number of situations so
that the treatment effects could be more readily assessed. Inherent
in this approach was the assumption that the cognitive development
of the child is susceptible to environmental manipulation, rather
than an invarfant sequence of stages.

-In this context, how much gquidance to provide students
during the learning process becomes a question of critical importance.
It would appear that learners who have not acquired a system for
handling new information need considerable guidance to promote this
ability. If children are expected to discover solutions without help,
they must have previously been given the opportunity to develop
efficient systems for coping with problem situations. Thus learning
by "discovery" may be effective if children have previously learned
how to discover, but ineffective if such prior learning is ab.ent.

Without some adequate procedure for discovery, blind trial-and-error
behavior may result.

It would seem most plausible that an important way in which
children' s abilities to learn might be increased is by helping them
understand how to use knowledge of results more effectively. In
many situations in school the feedback which the child gets is not
primarily a motivational one. It need not be looked upon as a reward;
instead, the knowledge of results can be used simply to provide
information. The child learns how to interpret data rather than a
general tendency to engage in a certain class of behavior. In this |
way, knowledge of results serves as a discriminative stimulus and
is related to the formation of learning sets, An important question
then is whether young children can be taught to use strategies in
the solution of problems.

Where there are only two choices, as in a discrimination
learning set situation, the knowledge of results obtained on the first
trial is sufficient to solve the problem. In Harlow' s experiments
with primates, one-trial learning was attained after practice with a
) number of similar tasks. It is interesting to note that the trained

. animals were more apt to be correct on the second trial if the choice
o | selected on the first trial was incormrect.
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A common strategy used for two-choice problems’is to
select one rule or hypothesis as the basis for matching and to ¥,
continue to use it until it fails to work, at which point another
possible solution is selected for testing. This has been charac- ‘
terized in gamblert s terminology as a "win-stay, lose-shift" R
procedure. If the subject keeps track in a systematic manner 1
of the hypotheses tested and rejected, his behavior might be .
considered non-replacement or " intelligent guessing.” Frequently, .
due to poor information processing or inadequate memory storage, ' =
hypotheses found to be incorrect are not discarded. Instead, they S
are replaced in the population of possible hypotheses and tried again N ;
at a later time, This trial~and-error behavior might be deseribed as P
hypothesis-testing-with-replacement, or "blind guessing." While
an appreciable proportion of successes are possible on a purely
chance basis, neither of these approaches makes full use of the
information available from knowledge of results,

e

Where the nature of the subject matter permits, an alter-
native and more efficient approach is for the learner to test several
hypotheses on each trial. For this procedure, knowledge of results -
is usaed to dichotomize successively the repertoire of-solutions into ;{_LE
those which are possible and those which 3re not, and thus must be :
eliminated. In this fashion the sophisticated learner is able to halve

-
the ropulation of available responses for each step in the data vy W
Processing, ard is able to “zero in" on the correct solution in half {ﬁ ,
the number of trials, y

An important feature of this procedure is that the reward or w,
punishment contingencies of the child*s responses are postponed, L
If during the early stages of problem-solving activity, the child is ‘ﬁ i
responding in order to obtain information, and does not become 8]
ego-involved by committing himself to a selection which can only g
be correct by chance, there is an increased likelihood that e:zploratory
and question-asking behavior will be adopted in the future. Fear of i
embarrassment or failure, which plays such an important role in even '
the youngest child® s willingness to participate in clagsroom ‘&
recitation, becomes minimal when the initial responses to probiem-~
situations are viewed as 1nfonnation-process1ng. Perhaps in this
way the child may learn to enjoy the intrinsic reinforcement of
compatence in intellectual pursuits, rather than seeking the extrinsic
reinforcement of approval based upon the chance production of
correct responses without understanding,
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CHAPTER II: KEVIEW OF THE LITERATURE : ; |

The importance of verbal learning, escpecially its
relaticnship to the development of intelligence and cognitive
competencies, has brought to bear on this question the efforts of
workers in a number of different but cognate areas. In reviewing
the experimental literature, therefore, it is helpful to utilize a
framework which will relate the relevant findings to major questions
of the present investigation. Report of the research will thus be A
subsumed under four topics: 1) the ontogeny of cognition; 2} the -
value of verbalization in problem~solving; 3) the use of strategies

in problem-solving; and 4) the role of guidance in strategy . .
1n8tmct10n. b

1. The ontogeny of cognition,

The work of Piaget has ingpired a great many investigations P
directly concerned with how children develop concepts. The
essence of his theory is found in two sources, Piaget, 1953 and
1961, but a more specific application to concept formation, and
some of the data from which he draws his conclusions, are available
in Piaget, 1928, '

\,'\\ Nt vt

The basic postulate is that the genesis of human thought
goes through a series of stages, each of which is Prerequisite to
the next, "The first operations only appear between 7 and 8 years,
on the average, and in a concrete form, . .whilst verbal or
propositional operations only arise toward 11 and 12." (1953, P.13)
According to this thesis, most of the children used in the
experiments of the present study, would be still in the "pre- ¢
operational" stage. Thus Plaget seems to view conceptuai behavior
in terms of logical operations which are functionally related to
developmental patterns.,
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A sampling of experimenta! investigations of Piaget's
hypotheses provides an almost equal number of supporting and
challenging results. Ausubel and Schiff (1954) found that young
| children who had been taught the principle of the fulcrum in terms of
e a teeter-totter were ready to accept the color of the balancing
s weights as the basis of operation. However, older children refused

i to accept this explanation. Both Elkind (1961) and Lovell and

T, T P T, R




.

Ogilvie (1961) found the development of the concept of physical
volume to be age-related. This also applied to the conservation
of mass and welight,

3 ST R :
o, | '

e @
T e

A el v
t ’ ¥

Smedslund (1961) demonstrated that children who had
been taught the concent of conservation of welight under experimental
conditions gave up the concept and reverted to more primitive
perceptual strategies; however, only about one-half of a second
group who had already acquired this concept were induced to accept
inferfor interpretations of the conservation phenomena, Smedsiund
infers from these results that concepts learned by means of external
reinforcement do not have the functional properties of normally
acquired "logically necessary" concepts.,
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An extensive series of investigations by Morf, Smedslund,
Vinh-bang, and Wohlwill also supports the position that while
children can be taught specific associations, they must have
reached the stage of classification in order to be able to generalize
this learning. A similar finding was reported by Ervin (1960) who
taught third and fourth graders a strategy involving a physical principle,
but could not obtain transfer in a mirror-reversal situation, Wohiwill
and Lowe (1962) could find no transfer to a verbal test of conservation
of number after children had been taught this concept under three
different experimental procedures. Wohlwill (1963) concludes
that "...in young children the transfer effects to be expected from
experience designed to orient the subject to the diffeventiating
aspects of a set of stimuli are likely to remain fairly specific," (P. 12)
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P An equally respectable body of evidence throws some doubt &

as to the defensibility of a theory of invariant stages in cognitive %
development. Furth (1963) found that conceptual control was e
related to intelligence but only minimally associated with age or :
language. Arnsdorf (1961) found that children could profit from 3

systematic instruction in the time concepts involved in the social &

studies, The effects of instruction were also demonstrated by

Coxford (1964), with the reservation that such instruction could only

advance a child from one stage to the next, and could not be expected

to bridge over a missing stage of development. Dodwell {1961)

. B working with number concepts with children 5 to 8 years old

. (kindergarten through second grade), found little evidence of a

consistent progression through the stages postulated by Plaget,

|3 f Dienes {1959), who confirms Bruner' s (1960) statement that “any
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subject can be taught to any child in some honast form" (P.52),
found that most children could be taught complex numerical concepts.
This has also been demonstrated by Keislar (1961),
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Keislar and McNeil (1961) have taken the position that g
“childrea can be taught to give scientific explanations of physical 3
phenomena if they learn a theoretical language for dealing with %
such events." (P, 73) They found that first grade children could
learn an abstract scientific language, and that they could then
"learn to use this language as segments of the chain of intraverbal
responses in the explanation of the physical phenomena of evaporation
. and condensation,” (P, 82) They also demonstrated that these children
had acquired general understanding and not merely rote as sociations.

iE

.

Additional evidence which is interpreted as being contrary
to the ontogenetic theory is provided by Klingberg (1957); Ling (1946);
and Salmina (1960). Zinchenko (1959) has obtained results which
show that first graders cannot use classification spontaneously,
but they can be taught this skill,
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Working with kindergarten children, Ojemann and Pritchett
(1963) showed that carefully planred learning programs could
significantly affect the development of the concept of specific gravity,
and that Plaget'® s stages do not hoid for a large number of these
children whan a planned learning program is used. Finally,
Anderson (1965) has demonstrated that children given appropriate
and sufficient training are able to learn a problem-solving skill.
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. ﬁ He concludes that "rea soning and problem-solving capabilities

- ;, . are best conceived to consist of repertoires of behavior, modifiable
in accordance with principles of lesrning, instead of inaccessible
structures and processes., . .instruction based on this presumption
is feasible." (P. 293)
h Such findings suggest that attempts to texch complex

operations to young children should not be considered unprofitable
or wasteful without further investigation into the types of materials
and programmed sequences which may provide the basis for the -
acquisition of broad problem-sclving abilities at an early age.

2. The value of verbalization in problem-solving,

To deal effectively with errors the child must be taught how -
to profit from feedback information. One technique for accomplishing
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this is through the use of verbal mediators. Many studies have
demonstrated that conceptual behavior of children is facilitated
when appropriate verbal responses are acquired.

A very early study by Pyles (1932) found that children
demonstrated superior performance in discriminating named over
unnamed nonsense figures. This line of investigation was almost
completely ignored until Birge (1941) demonstrated the role of
mediating responses in conceptual behavior. Young children who
were taught to call two very different stimulus objects by the same
name (a nonsense syllable) were more likely to generalize a
reaching response than if the objects were given differant names,
The likelihood of such generalization was increased when the
children were required to g3y the name out loud,

G. N, Cantor (1955), in a very similar type of experiment
with pre-school children (3 to 5 years), found that those who had
learned to associate different names to stimulus objects were
superior in a transfer task with these objects than children who
were taught to attend to relevant stimuli pattern but had no
distinctive labels for them. No significant effects attributable
to age levels, within the limited range of the study, were produced,

Dietze (1955) taught one group of kindergarten-age children
distinctive nonsense syllables as verbal labels for similar stimulus
objects, and another group similar-sounding syllables for the same
objects. The group which had learned the distintive labels were
significantly superior to the similar-label group in all measures
of learning and transfer.

This study raised the question of whether "acquired distinc-
tiveness of cues" could be enhanced by using verbal labels. While
not designed to test this, the expsriment of Carey and Goss (1957)
added some light here. One group of pre-school children learned
common familiar words as labels; another group learned nonsense
syllables. Although both the familiar word and the nonsense
syllables were conditioned to the same Criterion, the familiar word
facilitated the transfer task of block-sorting, whereas the nonsense
word did not. :

Eisman (1955) taught a group of young children to agsociate
a different familiar-word label to each of three pairs of blocks.
The only basis for associating a particular color with a particular
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shape was the verbal label which had been conditioned to both -
blocks of the set. In four different situations, these children e
consistently demonstrated transfer based on the common verbal ’
mediator. There was no attempt to determine whether there was

3
any awareness of the conceptual basis on which the responses i .
were made, .

Jeffrey (1953) tested whether a verbal response mediator
or a motor response mediator was more effective with youiig
children, and found verbal mediators significantly superior to
motor mediators in obtaining generalization. In addition, it was
found that a control group which had been given the motor response
training but had not been permitted to make this response during
the transfer task perfcrmed significantly better than chance. This
might indicate that some covert verbalization had accompanied the
motor response learning, and that the *detachable” stimuli had
remained effective even while the motor response was inhibited.

Muehl (1961) applied the mediation hypothesis to the
teaching of reading skills. Young chiidren, taught to discriminate
letter forms and associate the leiter names before seeing them in
words, were superior in word recognition, Following this line of
investigation, Hendrickson and Muehl (1962) tested the effact
of motor pre-training and verbal labeling, All children were given
pre-training in pressing the left laver for an arrow pointing left
(the @ direction), and the right lever for the arrow pointing right
(the b direction), They then learned to associate a different
familiar word with b and d. However, the words used were not
: related to the letter. These children were divided into three
&i groups. One was given consistent motor training, another incon-
g@
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sistent motor training, and a third, given training with colors,
was used as a control. The rasuits showed no diffarence betweon
relevant or non-relevant pre-training, but aay type of motor
Pre-training was superior to noneat all,

A whole series of experiments (cf. Kendler and Kendler,
1961, 1962, and Kendler, Kendler and Wells, 1960) is directly
concerned with studying reversal and non-reversal shifts as an
approach to the understanding of concept acquisition in young
children. The theory is that in a reversal shift the appropriate
verbal labels, developed during the preliminary discrimination
training, remain relevant and facilitate lsarning, whereas in a non-
reversal shift new labels must be acquired while the old labels
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produce interference. If reversal learning ig obtained more
quickly than non-reversal learning, it is presumed that the
verbal mediators are cperative. With infra~-human animals and
very young chiidren, where verbal mediators are inoperative,

aon-reversal shifts were more easily acquired than reversal shifts.

Somewhere between the kindergarten and first grade there is a

transition, and reversal shifts become easier for more and more
children.

Spiker (1556) hypothesized that learning discriminable
verbal responses to a given set of stimuli will facilitate learning
motor responses to these same stimuli, Young children were
taught a different name for each of two similar stimuli in a pre-
training session. A control group was given perceptual discrim-
ination experience with the same stimuli, but without learning
names for them. The hypothesis was confirmed with the younger
children, but there was no significant difference between naming
and discrimination experience with older children,

The results wers interpreted in terms of acquired
distinctiveness of cues, which assumes that learning of the
distinctive (verbal) cues for stimult makes them functionally
more discriminable. The acquired distinctiveness may result
from the use of stimulus names in rehearsing the 8-R connections
during the inter-stimulus interval, This presuposes mediation,
since there would be no facilitation unless the stimulus name

mediated the appropriate response when the stimulus was presented.

Olcer children were able to supply their own distinctive labeling
responges, but younger children were considerably assisted by
the pre-training in labeling.

Norcross and Spiker (1957) found that pre-training in
attaching verbal labels to stimult facilitated transfer with young
children, and (1958) that this transfer could be either negative

or positive, depending on the experimental conditions. Spiker (1959)
suggested that this pre-training might be effective even when verbal

mediators were not available, as with very young children, by
minimizing failure~produced responses,

Like Dietze (1955), Norcross (1958) tested the hypothesis that

facilitation in a transfer task may be predicted as an increasing

function of the distinctiveness of the response-produced stimull (cues).
The results confirmed the hypothesis---more correct responses were
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made to pairs of stimuli for which dissimilar nonsense names
had been learned.
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The investigation of Weir and Stevenson (1859), closely
related to that of Sptker (1556), tested the assumption that the
lack of difference attributable to verbal labeling with the older
children was due to the fact that they were able to supply their
own mediators, These investigators found that instructions to
overtly verbalize the mediators facilitated learning at all age
levels tested. They speculated that the non-verbalizing older
: children develop more complex hypotheses which irterfere with
-3 simple solutions. In such cases, the implicit verbalization of
‘ the wrong hypothesis would interfere with acquisition of the
correct response.
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The facilitating effect of pre-training verbal labels with
young children is supported by Steigman (1960), Lacey (1961). and
Shepard (1957). A number of other studies recognize the effect-
iveness of pre-training with verbal labels in general, but have some
reservations when it is used in experiments with young children,
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Ruzskaya (1958), while concluding that the mos: fmportant
factor in concept formation is the verbal sign, commented that
labels were particularly important with the older (7 year old)
children, as compared to younger (3 year old) children.

Teffrey and Kluppel (1962) noted that pre-trainina with Ea -
relevant mediators may have no facilitating effect on the sub- iy 8
sequent learning of the concept. Kendler {(1963) also pointed out
that the child® s possession of a concept label was no guarantee
that the child had acquired thc concept. Norcross (1958)
concluded her study, which generally supports the effectivernoss
of verbalization, with the caution that the cue-function is
dependent upon how well the cue has been learned.

To explain those findings, as well as similar negative
results in other studies, Reess (1962) advanced a “mediational
deficiency* hypothesis. Based on results of experiments with
various types of verbal madiation problems, his position is that
there is a deficiency in mediation in young compared with older
children. This is related to the fact that the critical age for
occurrence of mediation may be different for different experimentat
situations, and for differen? concepts. *
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Particularly pertinent for the present investigation is
Reese’ s point that with a well-learned concept there is no
deficiency in mediation ag a function of age, and with less
well-developed concepts there is a deficiency at any age.
Finally, if mediation is considered a voluntary process which
can, in a sense, be externalized by preliminary rehearsal of:
verbal labels, then instruction in the use of the labels should
facilitate transfer. If mediation is an involuntary process,
instructions should have no effact. However, if in any particular
experiment instructions are found to have no effect, the conclusion
cannot be drawn that mediation is an involuntary process. The lack
of effectiveness of labeling may be more simply attributed to
inadequate experience with the verbal cues,

Murdock (1960) confirmed previous findings that learning
and transfer are facilitated with verbal responses, that verbal
cues are more facilitating than motor responses, and that dis-
tinctive cues produce greater transfer than similar cues,

With respect to previously conditioned verbal mediatcrs,
Osler and Fivel (1961) discovered that neither C. A. (age groups
6, 10, and 14) nor the position of the label in the concept
hierarchy (concrete to abstract), produced any differences in
learning. The most significant finding was that high 1.Q. children
tended to be “sudden" learners. Osler and Trautman (1961), following
up this study, concluded that the brighter children used concept
labels as verbal mediators to test hypotheses, whereas normal
children attained the concept through rote association.

Kurtz and Hovland (1953) presented familiar objects to
elementary school children, and asked one group to locate and
circle a particular object on a sheet of pictures, and a second
group to circle the object on a sheet of names, and to pronounce
the name aloud., In a one-wesk retention test, the group which
verbalized the name was significantly superior in recall and in
number of correct responses. Gagné and Smith (1962} suggests
that verbalization becomes more important as the complexity of
the problem increases.

A pilot stu y carried out for the present project (see Appendix A)
concurred with the preponderance of evidence which shows that
verbalization facilitates the use of appropriaste concepts, whether

these concepts are familir or acquired during the course of the ex-
periment,
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Although there seems to be consensus that verbalization
may facilitate concept learning with very young children, the
relationship of this variable with age and problem complexity
needs further investigation.
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Wohlwill' s (1963) statement provides a fitting caution
with which to close this section:

o e

There still remaing a question whether the acquisition of
verbal mediators in and of themselves operates to change -
the learning and transfer process or whether they represent S .
rather an external manifestation of more general cognitive K
changes taking place during the course of the individual’ s
maturation. {P. 20)

3. The use of strategies in problem solving.
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While the ontogeny of concept formation and the influence i
of verbalization in mediational processes are closely related to problem %
solving, the major focus of the present investiyation is on the develop- 3
ment of those organized or systematic sequences of behavior which are ;f
customarily referred to as "strategies.” As Anderson (1965) has 3
pointed out, "three processes--discriminative control of problem- 4
solving behavior by task cues, control of behavior by response-produced ﬁ
cues, and selection of forms of behavior by reinforcement--are gufficient )j%
to account for the coordinated, purposeful character of some problem- 3

solving behavior...” (P, 285) Children were taught a basic strategy
which has been shown to be of value in many scientific and experi-
mental investigations: that of holding constant all relcvant features

of a problem except the one being manipulated. The study demonstrates
that, when presented with suitable training, children will acquire and
transfer a rather advanced, complex problem=-solving skill,
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Weir (1964), in his discussion of age diffsrences in problem-
solving, notes that younger children do not use the same type of
strategies as older children. This may be due to age-related differences
in the ability to handle language. However, Bruner postulates that
there are "styles" of problem solving which are more or less efficient
with certain types of problems. For instance, certain individuals,
whom Bruner identifies as " scanners" » do better on disjunctive
problems where the ability to retain and use both negative and
positive information is of particular advantage. "Focusers®, on the
other hand, are apt to be superior where the memory storage factor
is minimal,
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Kagan, Moss, and Sigel (1964) also talk about cognitive
styles, but relate these to developmental stages. They make the
point that the child® s initial conceptualizations are glokal and
over generalized and tend to become analytic and differentiated as
the child matures. Other investigators, for instance Glanzer,
Huttenlocher, and Clark (1963), have related strategies or styles
of problem-solving 0 a number of important variables in the
problem itself, Among such factors as type of exemplars (negative
or positive), ratio of relevant to Irrelevant instances to total
number of examples, presence of superfluous information, ordering
of examples, amount of information required to solve problems, and
rate of introduction of new information, probably the most important
effects are attributable to information structure of the problem and
memory storage load,
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In addition to the work sited above, there is a large body
of literature on the question of problem-golving strategies in which
more mature students have been used ag subjects, A number of
studies by Bourne, Trabasso, and Bower fall into thig category.

It seems however, that findings obtained with young adults who
have had a long history of strategy acquisition and application
have minimal relevance in studying the young child* s ability to
learn mformation-processing skills,
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The study of Reynolds, Glaser, and Abma (1964) is
nevertheless worthy of note in that a major hypothesis tested was
the effect of individual differences in mental ability in the formation
of learning set through programmed instruction. The results did not
confirm the hypothesis that high 1I.Q. subjects would not profit as
much from programmed instruction as average 1.Q. students. However,
it was found that the learners in this study were not dissimilar when

compared to Harlow* s primates: T -
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When incorrect frame responses occur, the immediate feedback
Serves as a correction trial, This explanation implies that
terminal achievement in linear programming is not solely a
function of the opportunity of immediate confirmation of correct
responses, but rather that the frames of a program provide

both confirmation of correct responses and correction for

wrong responses, both of which contribute to producing the
desired terminal bebavior. . .under certain conditions, correction
is as effective as confirmation in producing learning. (P. 13)
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4. The role of quidance in strateqy instruction.

The relative merits of instruction vs discovery methods
for obtaining cognitive learning have been investigated under
many different experimental conditions, Kofsky (1963) noted
that in classification tasks children's respcses had no
sysiematic reference to the stimuli, even after the basis for
classification was explained. The implication was drzwn that
the verbal mediators supplied by the experimenter ha:d no
cue-function at this age level,

Both Luchins (1942) and Wel ss (1954) found that verbal
instructions which improved the performance of adults and older
children were less effeciive or ineffectual with younger children,
The studies of Kofsky, Luchins, and Weiss may be cited as evidence
in support of Reese' s mediationai deficiency hypothesis. White
(1963) presents an excelient survey of research on the effects of
verbal instructions with young children,

A study by Bruner (1956) showed that children who selected
their own mediators as a basis for remembering paired-associate
¢ material, were superior to a group who were given the medintors
;*j used by the first group. While this has been taken as evidence
; for the superiority of discovery, all that can be indisputably
inferred is that a strong mediator for one person may be a relatively
weak one for ancther. Obviously, the strength of a mediator is
dependent upon the individual’ s history of conditioning with it,

As Gagné and Brown (1961) have Pointed out, one reason why self-
discovery of a principle i3 superior to instructions is that the
learner is forced to express the principle with his own words,
which are more meaningful to him,

£ Corman (1957) related type and amournt of information to
— individual differences in mental ability, 1In the analysis of the

3 & results, Corman stated that the more capable students showed no
significant differences in complex transfer tasks as a result of more
information about either the rule or the method, In simple transfer,
the able students profited most from a combination of information
about the rule and the method. For all students, information about
the rule did not seem to affect results, However, an inspection
of the tables from which these conclusions were drawn shows thut
the task was so difficult that Performance was at a chance level,
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All the low-ability students did so poorly (.3 to 1.3 problems
solved) that there were no significant differsnces. The only 4
legitimate conclusion here is that the problems were too
difficuvit for the subjects or the instruction was inadequate.

Kersh (1962) taught one group two rules for solving an
addition problem. The other group was given guidance in dis-
covering the rule by themselves. He found that the guided group
was superior in a retention test. However, this group was found
tc have practiced the problems in the interim. Kersh concluded
that the discovery method was more motivating.
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Haslerud and Meyers (1958), usually cited as supportive
of discovery methods, only showed that the percent of improve-
ment in the retention test was greater for the uninstructed group.
But in absolute score, they were still inferior to the instructed
group. Katona (1940) demonstrated that those who have learned
a given principle can generalize this learning to new instances of
the same principle, whereas those who have learned a whole series
of instances of the principle~-~but not the principle itseli-~-are
unable to solve new instances of the principie, and also are less
apt to remember the ones they did learn. The subjects did not,
by themselves, derive the principle from a large number of in-
stancee; those who were taught the principle were able to usge it
in new instances, and retained it after a month' s time. Duncanr 2 B
(1963) found that increased amounts of instruction decreased the 33 B
number of overt responses required to solve the problem, but in- "'
creased the amount of time. it imight be pointed out that the type ; f
of information given was not very helpful. Neither the way to &
solve the problem nor the rule for solving it was provided,
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Ewert and Lambert (1932) found that increasing the amount
of instructior increased the amount of learning--~but the amount
of improvement was closely related to intelligence. In other words,
for tl:e verbal cues to be functional they must be meaningful,

Irwin gt. al. (1934) noted the fact that knowing the rule or
principle was not enough by itseif; it must be rehearsed or practiced
in its appiications.

Craig (1956) found that the group which received brief
verbel instructions during the training period learned and retained
significantly more than did the group which had had no help.
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Underwood and Richardson (1956) also found that the greater the amount
of information given concerning the content or nature of the concepts
to be learned, the more rapid was the acquisition of the concepts.

Kittell (1957) demonstrated that children who were given
instruction as to both principle and organization of the material

were superior in learning, retention, and transfer, to groups given
either less or more direction,
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Shipstone (1960) presents an excellent discussion of the
variables affecting conceptual learning. The information capacity
of the human channel is limited. Verbal instructions or rules provide
a means by which the sensory input can be recoded into meaningful
units. Exploring these relationships with Miller* s * stringg" ---
constructed grammatical sequences---she found that when the task
is too difficult, verbal instructions will not help. Otherwise,
the optimal use of rules or instructions is to get the subject to
extract the maximum amount of information from the examples given,
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The effectiveness of verbal instructions as "sets to learn"
specific types of concepts, or types or responses, or as verbal
cues for the bases of organization of materials, has been demonstrated
by Reed (1964), Postman and Senders (1346), Entwisle (1961),
Ausubel (1960), Ausubel and Fitzgerald (196 1), Mulholland (1963),
and Wittrock, Keislar, and Stern (1964),

In the preceding studies, the effects of instructions which
provide positive information, usually before the performance of the
task, were investigated. Information telling what thc concept is,
or what it is not, may also have important effects on conceptual
learni.ig. Hovland and Weiss (1953) found that subjects identify
a concept more readily from positive instances which convey less
information, than from neqgative instances which convey nore
information about the concept, Donaldson (1959) relates the greater
difficulty in utilizing negative information about a concept to the
need for structuring the problem so as to be able to understand the
implication of the negative information. Cahill and Hovland (1960)
sound that, while learning from negative instances was difficult,
it was possibie when the subject knew all the relevant dimensions---
that is, if he could use the negative information to successively
eliminate wrong hypotheses until only the right one was left.
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Friebergs and Tulving (1961) discovered that subjects
could be taught to use negative information., Braley (1963)
characterized utilization of negative information as a "higher
level problem-solving strategy.” It puts a high load on memory
storage, uniess the "relevant cue spac»®is clearly delimited.
Glanzer, Huttenlocher, and Clark (1963) also attributed the
greater difficulty of utilization of negative information to heavier
memory storage load. But Olson (1963) coufirmed the findings
of Smoke (1932), that a combination of negative and positive

instances produced as efftcient concept identification as positive
instances alone,

Gagné (1966) cites an experiment in whkich high school
students, who were asked to “discover® concepts with minimal
verbal direction, had a great deal of difficulty. He infers that:

Discovery without guidance makes the learning of concepts
a terribly slow process...when mediators have been
previously learned...it is considerably easier to arouse
their recall by means of some verbal instruction than it is

to expect them to be discovered...to expect a human'

being to engage in a trial-and-error procedure in discovering
8 concept appears to be a matter of asking him to behave
like an ape. (P. 15)

. Motivational reactions, related to learning under different
amounts of instruction have also been experimentally investigated.
Twelker {1964) reported that subjects who had been given neither

verbal prompts nor confirmation had the strongest negative reactions
to the experiment,

In the series of investigations reported by Wittrock (1964),
the experiments were conducted in a teaching-machine setup which
the children found highly diverting and exciting. However, it was
noted that the "general instruction* groups, which did not often
succeed, began to show aversive reactions, and became unwiiling
to return to the experiment room.

Thesc effects were also noted by Morgar. {(1944) who found
that where no problem-solving information was supplied, the subject
became frustrated and did not wish to go on with the experiment.
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Refusal to supply information on the ground that the learner
will be more profited by discovering the facts himself, runs
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CHAPTER IIlI: THE FIRST EXPERIMENT

Acquisition of Problem-8olving Strategies by Young Children

and Its Relation to Mental Agel

The hypothesis of the first study was that young children
could be taught to use systematic strategies in the solution of
concept-identification problems. More specifically, it was pre-
dicted that children taught to use maximum knowledge of regults
through a strategy of multiple hypothesis testing would be better
able to solve such problems than children taught a single hypothesis
strategy, or those given only appropriate experience and permitted to
develop their own particular styles of strategy-formation, In addi-
tion, it wes postulated that the multiple~hypothesis strategy would
be more difficult to learn and to use, and for this reason children
with higher mental age would do better than those of lower mental
age in the application of this procedure to the problem-solving
task. Also, if verbalization, or the use of the concept labels as
self-cues, made a major contribution to the ability to solve such
problems, it was hypothesized that girls would do better than boys
under either strategy-instruction condition,

METHOD

Apparatus;

The apparatus used for this study was identical to that used
by Stern (1964). It included ten booths, each equipped with ear-
phones, a microphone, and a multiple-choice response panel, The
audio-visual program consicted of 35 mm, siidas projected on a
central screen visible from each booth, with verbal instructions
transmitted to each individual's sarphones over a tape recorder.
This tape also controlled the intervals at which the slides were pre-
sented and provided the impulses to initiate the recording cycle.
The child was required to respond orally by verbalizing the concept
or hypothesis chosen for testing. This naming response activated
a relay which turned on. a reinforcing light and permitted the child
to perform the button-press selection response. A visual display
of the responses of all the subjects to each item appeared on the
master panél and facilitated monitoring the operation of the squipment,

T
The bulk of this chapter is appearing in the next issue
of the American Educational Research Journal, 1966,
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A complete record of the performance of all children in
edch group was made by a Clary data recorder on punched paper
tape, The paper tape was simultaneously read and punched on
IBM cards by a Flexowriter and tape-to-card converter; the data
were then analyzed by a computer program,

Subjects;

One hundred twenty third grade children in a- West Los
Angeles Elementary schocl were randomly agsigned to four groups
within two levels of mental age and sex. Attrition due to absen-
teeism brought the final N down to 110. Thie group had an average
chrenological age of eight years four months, and a mental age
(based on the Kuhlman-Anderson test) of nine years ona month, with
standard deviations of four and twelve months respectively,

Experimental 'I‘a;k and Materials:

The task was prasented on 35 mm. color slides consisting of
a model picturs in the top center aad two exemplars below (Figure 1),
On each slide, the child selected one of the exemplars which matched
the model picture on the basis of one of the coencepts: number, color,
size, or shape. Immedistely after his selection, he was told whether
he was right or wrong. During experimental training, the problems
congisted of the successive presentation of four slides: each slide
of a particular problem was to be matched by means of the same con-
cept. The problems were separated by blank slides to show when a
new problem was being presented. The task for the child was to use
knowledge of results to discover, in as few slides as possible, the
correct rule for matching within each problem,

truction a $

All instruction and testing were carried out entirely by means
of auto-instructional programs using the equipment and materials
previouply described. Training programs were given for 15 minutes
per day over a three~day pericd. The same sets of slides were used

for the two strategy groups and the practiced control; only the taped
commentary was different,

The first slides which the children encountared were ones in
which only one exemplar could be matched to the model, and in only
one dimension, Over the three-day period, the number of ceneept-
dimensions in which the exemplars could be matched with the model
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Figure 1. Sample of the Terminai Problems used for all Experimental Treatments. .1 ‘
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was gradually increased. In the final problems of the instructional
program, all four dimensions were possible, two with the firat ex-
emplar and the other two with the second.

The treatments were as follows:

I.  Multicle Hypothesis Testing Strategy. The general
procedure taught was always to attend to both exemplars, the negative
as well as the positive, and to utilize the knowledge of results so as
to identify the possible hypothesis while at the same time eliminating
those which were not possible for a particular set or problem. The
multiple hypothesis strategy permitted the child to halve the population
of possible concepts with each slide. Theoretically, this would en-
able the child to match the third and subsequent slides of sach problem
without error.

II. §ingle Hvpothesis Testing Strategqy. This group was
instructed to continue to use the same hypothesis as long as positive
results were obtained and to switch to another hypothesis when in-
formed that a wrong choice had been made. These subjects were not
taught to reject hypotheses associated with the negative exemplar; they
rejected hypotheses only after they had been tried and found to be wrong.

III. Practiced Control. To this group, no special strategy
training was given; subjects were presented with the seme problems

and wers simply told whether or not their choice was correct. Pre-
sumably, these children had the opportunity to develop their own
styles of problem-solving.

IV. Control, The fourth group, composed of children who had
received the two days of preliminary instruction in the concept-
identification task, were given no furtker practice or instruction, On
the sixth day, immediately preceding the test, they were given a
special 60-slide program to provide a measure of familiarity with
the experimental problem.

Procedure:

Preliminary training and testing. All training and tesiing were given
with groups of about ten children at a time, using the apparatus
dedcribed. For the first two days, all the children (133) received
the same program. They were given familiarization training with the
experimental apparatus, and experience in matching a model picture
according to the four dimensions: number, coior, size, and shape.
The second day consistad of a program of 60 slides, comprising 15
four-slide problems. The concept for matching was given with the
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first slide, and the instruction was to match the subsequent slides

of that problem by the same rule. This provided the basis for select-
ing one of the two exemplars, and retention of the relevant hypothesis
over 3 short memery span. Only the last four of the 15 problems were
scored, All the children (39) who performed belew criterion (87.5
percent) were given one day of additional practice. Twelve children
failed to achieve this score and were not included in the study since
it was felt that these skills were prerequisite to the learning of the
problem-solving task. The remaining children were randomly
assigned to one of four groups, within two levels of mental age and
sex,

Experimental training, On the first day of the experiment, all groups,
except the control, received the same instructions ior the 32 slides.

They were told to "say the rule” (that is, color, size, shape, or
number) for matching, into the microphone., Voicz relays would then
activate the individual response panels and permit the child to press
the button for the appropriate exemplar for that rule, and get a re-
inforcing green light. For all these slides, each exemplar matched
the model in one of the four dimensions. Thus, for any slide, both
pictures matched the model, but each in a different concept; the
correct picture was determined by the concept given as the rule for
matching the particular slide.
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These individual slides were followed by eight four-slide
problems, using the same type of slides (each exemplar correct in

only one dimsnsion). All groups were told the two possible rules
for each slide.

Multiple Hypothesis training. The instructions were to select a rule
for matching, say the rule, and press the button for the picture which
matched by the rule chosen., If a green light came on, the same rule
was used for the remaining slides in that problem; if a red light, then
the other rule was correct. The instruction was to gay the other rule
for the second slide and to choose the picture for that ruls.
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The second day of experimental training consisted of slides in
which three dimensions could be correct, with the red light always
eliminating one of the three. The Multiple Hypothesis group was told,
for example, “The rule for the next set can be either number, size,
or shape. Say the rule you choose and press the button for the picture
that goes with it. If you get a red light it means that size is not the
rule for this set. The rule is either number or thape.® On the second S
slide: "Say either number or shape, then press the button that goes Al




with the rule you choose, Either the red or the green light will tell
you the correct rule. The red light says it is not shape; the green
light says it s number. Say this rule for the next two slides of
this set,."”

The third and fourth days of experimental training followed
the same procedure, using all four concepts. The instructions were
of the following nature: "Picture 1 is the same size and shape as
the top picture; picture 2 is the same number and color as the top
Picture. Say the rule you choose and press the button to go with it,
I you get a red light, you know the rule is not number or color; it
must be size or shape.” On the next slide the commentary was: "You
know the rule must be size or shape. Say the rule you choose and
press the button, Now the light will tell you which rule is correct,
Use the correct rule on all the slides in this set."

Single Hypothesis training, All the instructions on the first day were
the same as for the Multiple Hypothesis training, except for the eight

problems, for which the two rules possible with each slide were
given. However, the strategy here was to select one rule for testing
and to use it as long as a green light anpeared for the exemplar which
matched according to the chosen rule. On the second day, the Single
Hypothesis group was also given the three possible rules for the set
and told to choose one of these rules for matching. The instruction
for this group was: "If you get a green light, try the same rule for
the next slide. If you get a red light, try another rule.* When all
four concepts were possible on any one slide, the instructions were:
"There are four ways of matching each slide: number, size, color, or
shape. But only one rule is correct for all the slides in each set,
Choose a rule for matching, Say the rule you choose and press the
button. If you get a red light, try a different rule,”

Practiced Control. This group was also given the repertoire of
possible concepts for each problem, but the instructions were simply:

"Choose one of these rules for matching, Only one rule is correct for
all the slides in each set, Say the rule you choose and press a
button to go with it, The green light tells when you are right, Match
all the slides in the set by the same rule,"

Posttest. The criterion test consisted of eight problems of five slides
each, of the same type as the last two days of training. Since the
responge to the first slide of each problem could be correct only by
chance, the scoring was limited to the remaining four slides of each .
problem, providing a total possible posttest score of 32 points.
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RESULTS

Means and standard deviations for CA,, M.A,, training
scores and posttest scores for all four groups are presentsd in
Table 1. The training score was based on the performance during
the last day of instruction, Although performance during training
reflects the differences in instruction, the results indicate that
the Multiple Hypothesis group was significantly superior (p< .01)
to the Single Hypothesis group, as well as to the Practiced Con-
trol group. This is in line with the mathematical probability that
this type of procedure would be more effective for the class of
problems used. However, the performance on the posttest, during
which the strategy cues were not provided, indicates the actusl
effectiveness of the different instructional treatments. Table 2
contains the means for the subgroups used in the three-way analysis
of variance on mental age, sex, and treatment reported in Table 3.
This analysis showed a significant main effect for treatment
(F=9,16, p<.00]),

£ 20

Since there were no reliable main effects due to mental age
or sex, the total treatment group means (-ae Table 1) were compared,
using the Newman - Keuls procedure (Winer, 1962). The Single
Hypothesis posttest score provad to be reliably higher (p< .01) than
that of any other group. No dependable difference between the
Muiltiple Hypothesis group and either of the two control groups was
found,
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While the analysis of variance did not support the hypothesis
that difference in mental age would produce an effect on the acquisi-
tion of the problem-solving atrategies, the correlational data reported
in Table 4 may provide some additional insights. All the coefficients
Presented are positive, but the relationship is reliably different from
zero only for the Multiple Hypothesis strategy on the postteat
(r= .41; 8.E, = 20; t = 2,0; p<.05). '
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DISCUSSION

The results support two of the hypotheses of the study; that a
strategy for solving certain types of concept-identification problems
can be taught to young children; and that there is a significantly
positive correlation between mental age and the acquisition of the
difficult Multiple Hypothesis strategy.

IR
LAY

TR T S
I I e e S e e S e T



€e 2 09°s1
$8°2 11°91
8Z2°y 06°22
61°y §2°91
as W

(YW MOT) ITVWHIS (YW HATH)

0T 62°v 00°8T 9 Cl°Z G0°ST § 69°2 62°91
6 6L°G €€°8T 9 18°2 05°8T 9 g1°S Li°61
0T 1Tc°9 98°€2 ¢ ¥2°S 05°3T 9 ¢€S$°S 00°02

Y €¥°c 00°02 01
N as N N as W N
3I;YN34 (VH MCT) ITYN

as

€6°2 OL°8T OT IL°0 0S°9%

(VW HOIH) JVNW

4 LI 1IVHS~ON
9 TYIND Qa3IJILSNd
9 H10dAH 3ITONIS
€ “ HIdAH 37d41TMW
N

ANINLIVYIY™L

39V IVINIW ONV X3S SIN3WLIVIYL A8 1S311S0d NO SNOIAVIAIG QUYANVLIS OGNV SNV3W

(9%
N
-
%

€6°2 81°91
YT°y 18°L1
196 29°12
SE*E §9°81
as W
#1S211S0d

e N >

T 378v4

mN

. k¢

z 379v1
" ONINIVYL ON - 2 -1 0-6 -0 4-8
© OE°E . LE°ST . 1 -1 1-6 -0 €-8
< G9°€ 02°ST _ 1i-0 0-6 90 y-§ -
- TO0€E - 21%@T. - Z -1 2-6 y-0 ¥-B
LadSS < W as K as W
o -¢z~z_<up 39V IVINIH 39V 4<u~eaz¢:o

-

14
i X4

zf-

-

~ c mummp‘xpoa zp 3791SS0d SINIOd 2¢ »

THINI 3311IVid-ON

J0¥ANDI G32119V¥d
= SISTHIOMAH ITONIS
.xmnmzbu>: IVTLINN

wﬁzwtbcwxh

J A

mmﬂ:mﬂwz “TI¥ NO SNOVY1VYIA3Q quoz<bm ch mzcwt




R SN VT N gt - - N - B e s - = =

27, 1
TABLE 3 o
ANALYSIS OF VARIANCE ON TREATMENT, MENTAL AGE, AND SEX -
) 7
SOURCE OF . NS F p .
TREATMENT (A) 3 148.56¢ 9.16 .00l L
MENTL AGE (B) 1 24,79 1.53 NS -
SEX (c) 1 26.% 1.66 NS ¢
{A) X (B) 3 20.08. .62 NS L
(A) X (C) 3 39,02 2.41 NS o
(A) X (B) X (C) 3 16067 1.03 NS >
ERROR (WiTHIN) 94 16.22 NS -
TOTAL 109 |
TABLE 4 7;
CORRELATION MATRIX b
=B
VARIABLE TRAINING  POSTTEST I
TREATMENTS N R N R
MENTAL AGE
MULTIPLE HYPOTHESIS 25 .38¢ 25 L4l
SINGLE HYPOTHESIS 28 .16 28 .15 3
PRACTICED CONTROL 26 .19 26 .20 %
NO-PRACTICE CONTROL . NO TRAINING 28 .34 1
. IRAINING
MULTIPLE HYPOTHESIS 26 43¢
SINGLE  HYPOTHESIS 29 .19 :
PRACTICED CONTROL 27  44s Y |
NO-PRACT ICE CONTROL NO TRAINING

*P < L,05
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: - The Multiple Hypothesis strategy did not demonstrate the
b superior performance which was predicted on the basis of math-
emstical probabilities. While this group was significantly supsrior
b to the other groups during training, the chiidren were unable to main-
tsin this superiority under the test condition where the strategy cues i
N were not provided. Evidently these children could not supply the
necessary cues for themsslves, and could not continue to execute
this fairly ccmplex strategy on their own. The three-day training 4
) ¢ L perfod was insufficient for the average child of this age to acquire
- a more sophisticated procedure. However, on the whole, children
! i in the higher mental age group tended to be more successful in the !
application of this strategy than children in the lowsr mental age
group, The children who were taught to use the Single Hypothesis
strategy were not only superior to the Control, who had received
familiarization training with only limited practice at the experimental
task, but also were reliably superior to the Practiced Control who
had been given anequivalent amount of practice without strategy
instruction, Evidently these third grade children learned to use a
technique which they had not previously employed.
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Braley, 1964, noted that even college students are not apt to
use knowledge of results, which indicate that a wrong hypothesis has
already been selected, to infer the correct hypothesis. Testing one
hypothesis at a time is obviously a simpler tochnique to master, and
one requiring less change in previously learned behavior. Anderson
(1965) demonstrated that bright first-grade children could be taught
such a skill, The low correlation with mental age may indicate that
by third grade most children have the basic mental ability requisite
for <s type of strategy. While with many kinds of school problems
the Multiple Hypothesis testing strategy may be most efficient, it
remains to be dstermined wheth~r, with more adequate and extensive
training, young children c2n be aught zuch a strategy without
excessive expenditure of time and energy.
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CHAPTER IV, THE SECOND EXPERIMENT

Acquisition of Problem-Soiving Strategies by Young Children
and Its Relation to Verbalization

The first experiment supported the hypothesis that young
children could ke taught strategies for solving a certain class of
concept~identification problcm, in that both experimental treatments
weare superior to the untrained control group. However, neither of
the trained groups attained the level of performance which gcould be
expected in terms of the mathematical probabilities of the probiem,
Also, the group which had been instructed in a theoretically~-less
effective, but simpler, strategy was superior to one which had been
given a more efficient but more complex hypothesis-testing procedure.

In constructing the original programs, certain 2 orlord
assumptions were made, First, that difficulty of individual frames is
relsied to 1) the number of ways in which the corract exemplar is like
the model, 2) tha number of ways in which the incorrect exemplar is

like the model, and 3) the number of ways in which both exemplars
are like each other,

Based on this logical assumption, the visual stimuii were
sequenced from the simplest form, in which the correct exemplar was
like the model in all four dimensions and the incorrect exemplar was
like the model in all except the relevant dimension, to the most

complex, in which both exemplars were like the model in two different
dimensions,

Inspection of the results of the training based on this
sequencing indicated that while the logic was defensible, there
were certain areas which needed further development,

The second assumption was that to evaluate fairly the com~
parative effectiveness of the two instructionz® procedures, the visual
material should be the same for the two treatments with only the
spoken commentary appropriate for the treatment, However, a re-
analysis of the two tasks suggested that quite different instructional
séquences were necessary. Therefore, as indicated in Table 2, the
two programs were not identicsl at a number of critical points. The
basic questions for this experiment were how well children could

follow the instructions for the two strategies and how effective the
learning would be under each condition,
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Before beginning the second experiment, scveral weeks were
devoted to program development, Each phase of the instruction was
tried out and tested with about 40 children selected at random from
the seme school population to be used in the experiment. Whaen the
final program was set, several new fsatures had been added, The
most important of these was a booklet system by which ths factur of
memory load could be minimized as an effective variable, In addition,
the question of the importance of verbalization was raised. In the
first experiment, all the children had been required to verbalize
g overtly the correct concept befora making a selection response based
Z on that concept. The implied assumption, that verbalization would
3 facilitate learning, could not be tested in that design.
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The second experiment was therefore concerned primarily with
testing the following hypothesas:

1) Children taught to follow instructions for a complex
problem~-solving strategy will be better problem~solvers
when following these instructions than children following
a set of simpler strategy instructions:

e
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children taught the more sophisticated strategy will solve
the same type of problem more successfully than children
taught the simpler strategy;

: i
2) When these instructional supports are removed, the %
;3

3) Children who are required to say the correct concept {g
aloud, under either strategy treatment, will be more
competent problem~-golvers than children who are not
taught to supply any overt verbal cues, <
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METHOD

Apparatus:

4
¢ The UCLA Group Teaching Equipment, described in S |
1 Chapter Il, was again used, s
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Subjects:

All the third grade children in a West Los Angeles Elementary
School were involved in the study., The approximately 40 children
who had participated in the program-development phase were not
included in the actual experiment. The remaining 107 children (56 boys
and 51 girls), were assignod to four experimentsl treatments using a
stratified-random design based on mental age, The mean chronolog-
ical age of the experimental subjects was eight years five months,.
the standard deviation four months; the mean mental age was nine

years four months, standard deviation one year; the mean I.Q. was
110.6, SQD. 13.0.

Experim 1T vi Ma le;

The basic task for this study, identical to that described in
Chapter ITI, was to select one of two exemplars which matched the
model according to a specific rule: number, color, size, or shape.
A problem consisted of a set of six 35~mm, slides, for all of which
the same concept applied. To solve each problem the child had to
identify the appropriate rule., The object of the game was to find
this rule in as few slides as possible,

Procedure;

All instruction and testing were carried out entirely by
means of auto-instructional programs, using the equipment and
materials descrived, Before the instruction began, all the children
were given a pre-test to see how well they could perform the problem-
solving task, Then followed six days of training, each session
lasting approximately 15 minutes. Immediately after the training, a

posttest was given; seven weeks later, a ratention test was admin-
istored,

Experimental Treatments:

There were two strategy programs, Multiple Hypothesis
Testing and Single Hypothesis Testing, each presented under two

conditions of verhalization, Not-Speaking and Speaking, thus pro-
viding four experimental treatments.

Within each of the strategy treatments, the only difference
between the speaking and not-speaking condition was that the
speaking groups were required to say the selected hypothesis aloud,
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in addition to writing or making the correct response. For instance,
where the not-speaking groups were told: “Choose a rule and write
it in the proper box. Press the button that goes with this picture”,
the speaking groups were told: “Choose a rule and write it in the
proper box. Say the rule. Press the button that goes with this pic-
ture." For the speaking condition, the voice-relay mechanism was
adjusted so that if the child did not speak he could not receive a
reinforcing light for his button-press response.

Memory Storage;

In the previous experiment, it had bzen observed that
children had difficulty retaining negative feedback information so
as to consistently reject incorrect solutions. To avoid this problem,
children were supplied with booklets and pencils to scrve as a
memory aid.

In the Multiple Hypothesis treatment, the subjects were
helped to focus on the two hypothes®s associated with the correct
exemplar on the first slide, aid then to select one of these two
on the basis of information provided with the secund slide. Having
thus attained the rule by the second slide, they should be able to
select the correct exemplar for the remaining slides of the problem.
For the Single Hypotheis group, the booklets helped remind each
child which concepts were possible, and which ones had been
tried and rejected, so that a non-replacement procedure could be
adopted,

The booklets consisted of four different types of pages
appropriate for the needs of each strategy group and each lesson.
Figure 1 presents samples of the four page types, reduced in size,
(The actual booklets were constructed by cutting regular man-
uscript paper into thirds, width-wise, so that each sheet was
approximately three-and-a-half by eight-and-a-half inches.)

The number and types of pages varied for each days' lesson,
for each of the basic strategy treatments., Table 1 shows the
composition of the booklets for both programs.

Hypothesis Testing Instruction:

On the first day of training, both strateqy treatments
received the same instructions and slides for the initial 25 items
of the lesson, The first six slides taught the children how to
operate the response panels; the next 10 slides presented the

concept-identification task in terms of two concepts, color and shape.
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Figure 1. Sample Sheets from Booklets {or Traiaing Program
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5 Pagaa of Type &

2 Pages of Type B

4 Pages of Type A
2 Pages of Type B

Samé as Lesson 2

"2 Pages of Type A
4 Pages qf l'zpe D

3 Pages of Type B

"2 Pagesof Type B~

1y
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.10 Pages of Typo A

6.Pages of Type C
4 Pages of Type A

4 Pages of Type A
8 Pages of Type D

$ Pages of Type A
5 Paqaa of Type C

’ \z Pages of Type A
.9 Pages of Type D

5 Pages of Type D

34.
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The booklets were then distributed and the children were
taught to write the first letter of the correct concept, as illustrated
in nine slides, in the apnropriate box on the Type A booklet page
(see Figura 1),

The Multiple Hypothesis groups were then shown six slides
in which one of the exemplars was the same as the model in both
color and shape. As the first basic step in the Multiple Hypothesis
testing procedure, the child had to write %oth of these rules in the
appropriate box (on the Type A page) corresponding to the position
of the exemplar on the screen. The children were then taught the
second basic step in this strategy: to select the one correct concept
from the two identified as associated with the correct exemplar.
They were given six four-slide problems in which they used two

Type B pages.

The Single Hypothesis groups, on the other hand, completed
the first lesson with practice in gelecting a concept, associating it
with a specific exemplar, and testing to see if it was correct, using
Type A pages.,

In the {irst lesson, only two concepts were used, color and
shape. The third concept, size, was introduced on the second day
and the fourth concept, number, on the third. After the fourth con-
cept had been identified, a card (Figure 2) was hung on the front
panel of each booth, listing the repertoire of rules from which
problem solutions could be drawn. This was another way in which
the memory load of the experimental task was reduced for all groups.

Table 2 presents a brief resume contrasting the training
sessions for the two strategy conditions, It will be noted that the
visual stimuli were not identical for the two programs, as they were
in the first experiment. Wherever possible, the same slides and
similar tasks were provided. On the fifth and sixth days of training,
however, the slides and problems were identical for all treatment
groups; only the strategy instructions varied.

Criterion Tests:

The posttest, given after the last day of training, consisted
of nine six-slide problems, similar to the four-concept problems on
which training had been given. Seven weeks later, the retention
test, using these same slides in still another order, was administered.

g
{
v
3




e A — A . S A A T S R A T At SO i I M M 4 D AT 1 SRRV I g IS M MW MO RUR AT A MG ETRACE ML C TSI S RIS RS A ARSI ST —- - - E 4
N B i - . x M . EI }_ »ﬁ -"

v e - TS S T N Ty -1 (AR SIS Ay ;

L
<o
o3
- ) : R
| i o
S , Ly _ . %
M ) - ) ) A b # [ ] v i m
, - ‘ ..m ’ S
- m cmnem—— Z a .
o =Z[O » V)] g ..
) =g
" . o

IC

Full Tt Provided by ERIC.

”
e

1




—

Table 2:

Multigle'Hz@thesis Program

Activity
No. of
Lesgon 1. Frames
Press for picture location 6
Press for concept named 10
Write S for shape or C for ‘
color 19 correct box 9
Write both letters in correct
box 6
Six 4-slide problems 24
Total frames forlesson 1l 55
Lesson 2.
Press for concept named 16
Press and write Z for size 3
Press and write 2 concepts
in one box 9
Six 4-slide problems 24
Total frames forLesson 2 52
Lesson 3.
Press for concept named 16
Write N for number | 6
Write 2 rules in correct box 6
Six 4-slide problems 24
Total frames for Lesson 3 52
iesson 4.
Press for concept named 16
Write 2 rules in correct box 6
Eight 4~-slide problems 32
Total frames forlesson 4 54
Lesson 5,
Press for concept named 12
Nine 5-slide problems 45
Total frames forLesson 5 57
Lesson 6.
Five 6-slide problems 30
Total Number of Frames 00

Single Hypothesis Program

Content of Multiple and Single Hypothesis Training Programs

Activity
No. of
Lesson 1., Frames
Press for picture location 6
Press for concept named 10
Write S for shape or C for
color in correct box 21
Write appropriate letters,
one in each box ' 9
46
Press for concept named 17
Press and write Z for size 3
Press and write named
concept 9
Six 4-slide problems 24
53
Press for concept named 16
Write N for number 6
Write 2 rules in correct hox 6
Eight 4-slide problems 32
60
Press for concept named 16
Write 2 rules in correct box 6
Write concept named inbox 19
56
Press for concept named 12
Nine 5-slid~ problems 45
57
Five 6-slide problems _30
302
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RESULTS

Performance During Training:
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A question of primary concern in thisstudy was whether the
difficulty in learning the strategies was due to lack of understanding
or excessive memory losd. It is quite possible that the inadequate
learning of either strategy in the previous study was'due to in-
ability to cope with memory storage and retrieval. That is, the chil-
dren could not easily remember which concepts had been tested and
rejected, and might Wa stefully replace and retest already disproved
hypotheses. While the design of the present experiment was not in-
tended to test this question directly, since it did not provide for
booklet vs, no-booklet treatments, it is possible to-gain some in-
sight into the effect of the memory-~storage system by noting how
successful chiidren were in selecting the correct exemplars for thos:
problems where the concept rule was identified and recorded.

Figures 3 and 4 present as percentages, for Lessons 2, 4,
and 6, the ratio of correct selections per problem to the total number
of slides in those problems where the correct rule was written down.
It can be observed in Figure 3 that the perf..mance of the speaking
and the non-speaking groups, within the same treatment, appears
quite similar, whereas there is some difference between treatments.
In Figure 4 the speaking and non-speaking subgroups of the Multiple
and Single Hypothesis treatments are combined. Here it can be seen
that on Day 2, when subjects had to choose from three possible
rules for each problem, the Single Hypothesis group seems to have
followed its own correctly reccrded rules with a higher percentage
of success than the Multiple Hypothesis group.

The high initial success of the Single Hypothesis treatment
is to be expected since the directions and problems were particularly
simple at this point of the program .

On the 4th through 6th days, with a number of comparable
four-concept problems, it may be noted, for the Multiple Hypothesis
treatment, that the percentage of correct button-presses where the
correct rule was recorded increased from 67% to 71%. For the same
period,the Single Hypothesis group, facing the same type of prob-
lems, decreased from 76% to 72%. It is most likely that these
figures are actually an underestimate of the extent to which the
subjects were using their recorded cues, since the booklet inform-
ation did not indicate at which slide the correct solution had been
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Figure 3. Percent of Correct Choices (M % 1 $D) per Problem, when
Correct Concept Written During 2nd, 4th, and 5th Day
of Training, for Treatment Sub-groups.
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identified. Undoubtedly many children did not attain the correct
rule until the fourth or fifth slide, and thus would show at best
only a low ratio of correct choices related to the total number of
slidee rsr problem. Bearing in mind that & score of about 80%
represents the best possible performance for the strategy condi-
tion=, the attained percentages on the sixth day are quite re-
spectable. On that day, when the slides were identical for both
groups, the difference in performance between the two strategy
treatments was not significant {(t=.32). Thus it suggests
the hypothesis that both groups had learned to use their own
recorded solutions as aids in selecting the correct exemplars for
a particular problem.
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Ancther way to evaluate the memory storage system is to I
compare the number of correct choices per problem when the concept : '
1s correctly identified and when it is incorrectly identified. For this
evaluation, the first two frames of the six-frame problems were not ‘
scored, the rationale being that correct selections on these slides
could only be due to chance, and that either a correct or incorrect
choice helped provide the child with the problem solution. If the
Multiple Hypothesis strategy were adequately learned, the concept
! could be correctly identified on the second slid=s; there should then
be no error in selecting the correct exemplar for the subsequent four
slides of the problem, This scoring procedure definitely favored the ,
Multiple Hirpothesis group, since the Single Hypothesis strategy,
even if perfectly execuied, might purely on the basis of chance
prodiuice two errors on the four test frames.

v -

e e o

z In spite of these mathematical odds in favor of the Multiple

; Hypothesis procedure, the mean scores per problem for the last day of
! training (Table 3 ) provides no evidence to suggest that writing the
correct rule for a problem leads to superior performance on that
problem. However, for the Single Hypothesis treatment there was

' a significant difference (.001 level) between the number of correct

‘ choices per problem under these iwo conditions.

: Although a comparizon of mean number of correct presses per :
j problem where the concepts were correctly identified reveals no 1 "
reliable difference between treatments, there was a significant
difference (.001 level) in the number of problems in which concept
identification was attained. Out of a total of five problems, the
= . MH treatment groups solved 68% while the SH group solved 88%; |
'f:.\-;‘{- ‘, 1.e.,the Single Hypothesis group found the rule for an exceptionally
o high proportion of the problems. !
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Performance on Criterion Measures:
=Ee2tance on vriterion Measures

The means and standard deviations on all measures for
the various treatment subgroups are presented in Tables 4 and 5 .

Before any strategy training was instituted, all the children
were given a problem-solving pretest to determine how well they
could perform the experimental task before training., It can be seen
from Table 4 that the scores on this two-choice task were at a
chance level since the groups averaged approximately 10 points out
of 20. Evidently without training of some kind the problem-solving
task adopted for this project was too difficult for these children.

For each of the experimental groups, the importance of the
gain made during training can be assessed in terms of the difference
between the scores on the problem-solving pretest and the posttest.
Here both of the within treatment differences are significant (t = 4.5
and 9.4; p<.01 and .001 respectively). Furthermore , these gains
were maintained at least for seven weeks as measured by the reten-
tion test, Although both groups were able to follow the taped
instructions with approximately the same level of prof iciency on the
last day of training, only the Multiple Hypothesis group dropped
significantly (p<.01) from training to posttest. The Single Hypoth-
esis group seemed to have internalized the system they had been
taught and could apply it just as well without prompts, whereas the
Multiple Hypothesis group could perform the complex operations
involved only when they were given instructional supports.

A 2 x 2 x 2 analysis of variance (Table 6) reveals no
significant main or interaction effects attributable to verbalization
on any of the dependent measures, That is, having the children
name aloud the concept which they were goina to use as a basis for
matching seemed to have no reliable effect on training, posttest, or
retention with either the Multiple or Single Hypothesis strategy
conditions, Therefore, this variable was not used in comparing
differences under the two treatment conditions.

The main effect of the treatments on the training scoreswas
not reliable. However, the posttest, given immediately after the
last day of training, showed significant treatment effects (p<.01).
The Single Hypothesis group was clearly superior to the Multiple in
solving these problems under test conditions where instructional
supporis were removed, On the retention test, no significant
effects were found for treatment,
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As might be expected, mental age was found to have signif-
icant effects on both training and posttest. The effect was not found
to be reliable on the retention test.

Table 7 presents a correlation matrix for six variables in
which the coefficients have been separately computed for the Multiple
and Single Hypothesis subjects. The obtained coefficients are, with
only one exception, higaer for the MH group than the SH group. The
correlation between training and retention is significantly greater for
the Multiple Hypothesis group than for the Single. This is in part
attributable to the larger standard deviation, indicating that the MH
treatment may have increased the variance among the subjects on
this problem~-solving skill. The obtained standard deviations on the
training, posttest, and retention test are higher for the Multiple than
for the corresponding ones for the Single Hypothesis strategy.

DISCUSSION

Although this experiment did not include a control group, com-
paring the problem solving pretest score to the training and posttest
scores provides a measure of the effect of training. These results
support the original hypothesis of the project that children can be
taught strategies for solving a certain type of problem, and that they
will then be better able to solve problems of the same class than
children not given such training.

The first hypothesis of the present study, that the mathem-
atically more effective strategy would prove superior to a simpler
but potentially less effective one, was not supported. Although
there was no reliable difference in performance between the two
groups while the verbal instructions accompanied the problem pre-
sentation, on the posttest, where there were no strategy instructions,
the scores of the Multiple Hypothesis group fell significantly below
those of the Single Hypothesis group.

In the previous study, neither of the sequences had produced
the level of performance which could theoretically be expected on the
basis of the mathematical structure of the problems. A reanalysis of
the two procedures revealed the fact that very different tasks were
involved, and suggested that quite different instructional sequences
were necessary, Since the objective was to teach both strategies to
the maximum level of prof. ciency, whether or not the two programs
were identical in content, or even in length, seemed to be quite




g@m A I R e 0 i & S R m.n LR S e SRR - ’ 5 B n_.M
\\\w

-
M )
: 10° > doo

» . 'S0° > de
T~
5 o1° 2% SISIHIOdAH ITINIS
w : salvb® 89 SISHAJAH 2d110
i 1S311S0d
& 90° 2% %0° 8% SISIHLIOJAH 3I9NIS
| #8465 8y ea2h°® 2g SISHIdAH 31dILiNK
| ONINI VYL

: 01°~ %% 90°- Ly 81° 1% SIS3H10d4AH 319NIS
| 80° 9% LI° 8% 20°- 89 SISHIdAH 31dI1170H
| INIAT0S W3190Yd

m 10° S% SI° 6% 0O1° S% HI°- Ly SIS3IHIOdAH 3T19NIS
| #€E® IS 02° 0S5 =#GE® 06 #Z2€° 8% SISHLdAH 3161110AM
] : 311N3AI 143IN0)D
: IT® 9% 12° 8% 20° 8% I12° 0SS +9I°- 6% SIS3IHIO0JAH ITINIS
*_ #GE® IG ##9€° 25 =aQ€° 26 #82° 0§ €2° €5 SISH1dAH INdIL1I0H
W , . 29Y TY LN

| ¥ N ¥ N ¥ N ¥ N ¥ N SIN3KIVIBL
_” NINILIY 1S211SOd ONINIVML A0S WIBY¥d GI LdIND SITQVINVA

w XI¥LVH NOILVI3¥¥0I

W L 316v1
)
%

M

w Ly°01 68 10°€T 26 9C°0T 26  (NIHIIN) BOVU3I
: SN 81°2 %8°22 1 SN 60° H2°1 1 SN 18* 08°8 1 IX 9 XV
“ SN 12° €2°2 1 SN 64° 91°6 1 SN O0€°1 GO0°€T I 2% g
w SN 26° €6°S 1 SN 2L° ¢€€£°6 1 SN 91°2 €1°t2 1 IX V¥
| SN $2°T 66°21 1 SN €0° 6€° 1 SN YL°€ 29°1¢ I g X Vv
‘ SN IL° 2%°Lr % SN 12° €1°2 1 SN L6°T %2°6T T {J) NOIIVZITVEY3A
w SN 60°2 26°12 1 50° 28°9 oL°88 I G0° €S°Y §5°SH 1 (9) .39V IWINIW
! SN %S°T TI1°9Y 1 10° 28°8 8L°%IT 1 SN Y€ 21°t 1 (V) AN3WLIV3IYL
M d 4 Sk 40 d 4 SW 40 d 4 Sk 40 394N0S
: NOIIN313¥ 1S311S04d ONINIVYHL

" (NOILVZITIVEU3A X 39V TVANIW X INIWLIVIYL)
N S3TGVIYVA IN3IAM3Id3IG NO 3IINVIUVA 40 SISATYNY
o) 9 a78vi
m%

‘. - ﬁe.«ﬁ: N co * . . , . ‘h..wt.h K B ” R Eo ';4 M_ ”wt ) .-.,,.hhur_.«“wb. e .M "

NE

R o St . R T A A PO i o R Yt Ak . 3 S TR APt 2 2. et e i S
f - .

Q
IC




irrelevant, For this reason, a great deal of time had been svent in
progcam revision and development before initiating the present study.

The effect of this new program was most important for the
Single Hypothesis strategy. The qgain effected by the new Multiple
Hypothesis training sequence while of the same dimension as that
achleved by the 8ingle Hypothegis group, was not sufficient to
bring the former up to the same level of performance as the latter,
While the increase in effectiveness was marked, the scores stiil
fell short of expectations based on the mathematical probability
inherent in the problems.

We may conclude, therefore, -that the brighter children
profited more from instruction in these strategies, The relative
size of the correlatior. coefficients would suggest that this is prob-
ably more characteristic of the Multiple Hypothesis treatment. The
inference might be drawn that the less capable subjects in the MH
group had not yet achieved the stage of cognitive development
requisite to mastering the complex strategy and that this might
account for the relative inferiority of the Multiple Hypothesis group.
These results might be reversed with children having higher mental
ages, or with more effective programs,
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CHAPTER V: THE THIRD EXPERIMENT

Acquisition of Problem Solving Strategies by Young Children

and its Relation to Transfer

In the first two experiments, it was demonstrated that
young children who were given instruction in certain hypothesis-
testing strategies were better able to solve related problems than
children without such trairing. However, neither of the programs
used in the two studies gv ceeded in teaching the difficult
Multiple Hypothesis testing strategy to the point of mastery. While
it was true that for the Multiple Hypothesis treatment the revised
program was more effective than the previous one, the new Single
Hypothesis program was commensurately improved and the latter
procedure continued to produce superior learning,

While the two new programs had been balanced in terms of
sequencing, types of problems, and overall number of frames,
there was no attempt to present exactly the same visual stimuli,
Even so, the results demonstrated that to attain the objective of
equivalent performance, the training used for the Multiple Hypothesis
treatment would have to incorporate practice with techniques directly
related to those used in the Multiple Hypothesis procedure. With
this in mind, a new introduction to the basic MH strategy was devised,
using entirely different pictures. Since no measurable differences
attributable to overt verbalization had been established in the second
study, labeling aloud the concepts used for matching was not re~
quired in the present design.

A consistent finding in both preceding studies had been the
significant positive correlation between mental age and learning a
complex strategy. To examine this relationship further, an elem~
entary school with an unusually high mean 1.Q. population was
selected. In addition, it was felt that while the problem-solving
pretest was adequate as a measure of performance without training,
simple exposure to the task for the same period of time might,
especially for bright children, produce as much improvement in
performance as either type of training., Consequently, the new ex~
periment included a control! group given practice on the task without
strategy instruction,
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PROBLEM

In the present study, the relationship between mental age
» and strategy training was further explored, using a new program
e especially designed to improve the instruction of the Multiple
L Hypothesis procedure.

A 3 x 3 factorial design (three levels of MA and three treat-
. ments) was used to test the following hypotheses:

B 1) Children who are given instruction in either a Multiple
or a Single Hypothesis testing strategy will be superior,
N as compared to a Practiced Control group given task
-+ [T experience alone, in (a) solving similar problems;

- (b) solving problems with new instances of the trained
; concepts; (¢} generalization to new problems; and
(d) retention of the trained material,

2) Children who have been taught the Multiple Hypothesis
strategy will be .1ore successful in these same four
measures than either the Single Hypothesis group or the
Practiced Control.

A

~ 3) There will be an interaction between treatment and MA

such that the difforence in performance between the

) Multiple cnd Single Hypothesis groups will be related
to levels of mental ability.

METHOD

- Apparatus:

The UCLA Group Teaching Machine described in Chapter III
was used for this study. '

Subjects:

All the third grade children in a suburban elementary school
in the Meatroplitan Los Angeles area participated in this study.
There were 132 children, 65 boys and 67 girls, with chronolegical
ages ranging from seven years four months to 10 years; mental age
- . from eight years to 14 years six moaths., The mean 1.Q. of the total
group was 123.2, S.D. 13.2.
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Experimental Task and Materials:

The slides described in the previous chapters were used for
the Single Hypothesis and Practiced Control groups. In addition,
new materials were prepared for the Multiple Hypothesis training
(Figure 1), These consisted of familiar objects such as a fish, a
bird, a leaf, etc., in a different type of problem slide, but one in
which the Multiple Hypothesis strategy was clearly applicable.
Again, the task was to find the rule for the problem in as few slides
as possible, using both negative and positive knowledge of results.

Memory Storage:

The booklet system described in Chapter III,
adapted where required for the new Multiple Hypothesis program,
was used., These booklets varied in number and types of pages,
depending on the content of the daily lesson, After the four concepts
had been introduced, a card listing all four possible rules for the
problems was hung in each booth tc reduce memory load. On the
seventh day, fading of strategy instruction began. To compensate
for the curtailad verbal commentary and to facilitate the child' s
internalization of the strategy instructions, the appropriate "System
Card" (Figure 2) was placed in each booth during the final training
sessions. The Practiced Control group did not, of course, receive
this prompt,

Overview of Experimental Treatments:
I. Multiple Hypothesis Testing. The subjects in this group were

taught to determine which was the correct exemplar and then to
utilize knowledge of results both to identify the possible hypotheses
and to eliminate those which were not possible. The most important
feature of this strategy was that the child had to press a button
first, before committing himself to a particular hypothesis. Only
after the second slide, when the concept could be identified, was
the child asked to locate the correct picture., This strategy per-
mitted the child to halve the population of possible concepts

with each of the first two slides, and arrive at the correct answer
by the third.

II. Single Hypothesis Testing: The instructions here were to select
a concept, test it, and continue to use it as long as positive
results were obtained, but to switch to another hypothesis after
negative feedback. Subjects were not taught to reject hypotheses
assoclated with the negative exemplar by inspection; they rejected
hypotheses only after they had been tested and found to be wrong,
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Press butfon Choose rule
Write 2 rules Write vule
Press bution | Press button

Circle 1 vule | O Use this rule
Match with O Cross out rule
circled rule " Start again
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Multiple Hypothesis Single Hypothesis
Strategy Strategy
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Figure 2, System Cards Providing Essential Steps
in Strategy Procedurss.
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IIi, Practiced Control. Only task instructions and knowledge of
results were given; subjects were presented ‘with the problems
and told to find the rule for matching., They were given the
identical problems, slides, and booklets as the Single Hypothesis
group, but without the strategy instructions., Presumably, these
children had the opportunity to develop individual styles of
problem=-solving.

Procedure:

All instruction and testing were carried out entirely by means
of ‘auto-instructional programs using the equipment and materials
described. Daily 15 minute training sessions, administered to groups
of nine children at a time, were provided. The Multiple Hypothesis
program included two days with the new pictures and problems and
took a total of eight days. .The Single Hypothesis program, which was
approximately the same as the one used in the second experiment,
extended over six days. Both the Single Hypothesis and Practiced
Control groups received the identical visual program, the difference
in treatments being entirely in terms of the taped verbal commentary,
For all groups, the programs progressed from glides where the correct
exemplar matched the model in all dimensions and the other in all but
the relevant dimension, to problems where each exemplar matched
the model in two different dimensions.

The slides used in the last three days of instruction were the
same for all the treatment groups.

Strategy Instructions:

I. Multiple Hypothesis Strategy Procedure, After instruction
in operating the response panels and interpreting the meaning of the
light signals, the MH groups were given the booklets previously
described. ;

In the two previous studies it seemed that the children were
having a great deal of difficuity in grasping the essence of the
strategy, especially the necessity for obtaining information as to
which was the positive and which was the negative exemplar, with-
out commitment. The new slides, consisting of black and white line
drawings of single objects (e.g., house, bird) were intended to teach
the children to "ask questions" by pressing buttons which "fed back"
information in terms of a red or green light.
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Two pictures were presented, one in box 1 and the other
in box 2. The task was to find out which was the
correct picture by pressing a button, If a red light went on, it
meapt the picture corresponding to the button pressed was wrong,
but the other picture was correct. This was confirmed by getting
a green light for that picture. In this way, the children were
taught to obtain information from both positive and negative feed-
back. Only after the green light was on were they to look at the
slide. Now they could tell which picture was correct. After
identifying the picture on the screen, they were to circle the word
in the booklet for that picture, On the next slide, the same picture
appeared and the task was to refer to the circled word s locate the
corresponding picture, and press the button with the same number
as the picture selected,

Practice was given with this very simple two-slide problem;
then the children were shown a slide with two pictures in each box.
Now they had to circle the two words which corresponded to the
"green-light" exemplar. On the second slide, the pictures which
had appeared in the same box were each in a different box. Again,
the instruction was to press a button and get a green light before
making a decision. Commitment to a particular rule as the correct
answer was to be made only after the second button-press. The
final problem required the children to find the correct picture when
there were two pictures in each box on the test slides (Figure 3).

There were two days of this type of training, before the
MH group was introduced to the number, color, shape, and size
concepts which had been used in the previous studies, They then
proceeded with approximately the same type of visual program as
that of the Single Hypothesis and Practiced Control groups, How-
ever, the basic set of non-committal, of pressing a button first
and then logically inferring the possible and non-possible concepts,
continued to be the criterial feature of the program.

I1. Single Hypothesis Strateqy Procedure, The training for

the SH group involved selecting a concept for testing, i.e., a
commitment to a possible solution had to be made before either
pressing a button or looking at the projected slide. The booklets
for this group listed the entire repertoire of possible concepts,
and the children were taught to circle the concept selected. The
next step was to locate the exemplar which matched the model in
the chosen dimension and to press the button for this exemplar.

If a green light came on, they were to continue to use their circled
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Figure 3. Sample Problems Used in Transfer Tests.
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rule; if & red light, they were taught to cross out that rule and to
circle another one to try on the next slide. In other words, the
Single Hypothesis strategy involved consecutive selection and
testing with non-replacement, a technique similar to that taught
by Anderson (1965j. The booklets helped the children to elim-
Inate rejected hypotheses without undue memory load,

Of course, a bright child might easily come to the conclu-
sion that it wculd be wasteful to select for testing a concept
which had appeared in the same exemplar with a rejected one, or
to infer that if one exemplar contained incorrect contepts the
other must contain the correct one, but nc effort was made to

teach this group to use negative information as an aid in deriving
the correct .concept.

Pre-tests.

Before beginning the strategy training, all children were
given practice in the basic experimental skill: selecting the ex-
emplar which matched the model Picture according to one of the
four rules or concepts used in the study. This ability was then
measured in terms of a 24~-item-concept~identification pre-test,

On the day following this Pre~test, all the children in the
Single Hypothesis and Practiced Control groups were tested in
their ability to solve the same type of problems as those to be
used in the strategy training and posttest. To conserve time,
this problem solving pre-test was not administered to the Multiple
Hypothesis group, who were to receive a longer training program,
It was felt that the 87 children tested, constituting a random sample
of the same population, would provide an adsquate measure of
competence in the experimental task without either strategy in-
struction or practice,

Criterion Tests,

Posttest (Form I). Immediately after the last day of
training, all the children were given the same posttest over the
learned concepts and instances. The cards listing the four possible
rules were left in the booths, but the cards spelling out the steps
of the two strategy treatments were removed, The children were
given pencils and blank booklets so that they could continue to

uge the memory storage systems they had been taught or had de-
vised for themseives,
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Irensfer Tests, Following the test over the trained materials,

" three tests were administered to determine the extent of gen-
’ ' eralization over the continuum of transfer,

Transfer A, The first transfer test used the same concepts
but different instances of shape and color.

Transfer B, Used the same type of problem slide (a model
with two exemplars), a repertoire of four concepts, and contained
six siides per problem, However, the pictures were black-and-
white drawings of triangles which varied in interior design, direction
of tip, presence or absence of bar and cf border, A typical problem
sequence is presented in Figure 3, The possible rules were listed on
a card which was hung in the individual booths (Fixure 4). If the
Multiple Hypothesis strategy were used to solve thusge problems
it was possible to attain the correct rule by the second slide.

-

Transfer C. The problems in the last transfer test were quite
different in content from those in the three preceding tests, The
slides did not contain a model; instead, there were two pictures in
each of two boxes (Figure 3), and there were four slides per problem,
A list of possible concepts was also placed in the booths (Figure 4),
Again, the Multiple Hypothesis strategy provided a technique for
deriving the correct concept on the second slide.

TR A, " A3, »
O I A

M 3N e ile tamiosim:. 44

T IR IR TR~
[

Sepuere P oo r g e g e

- e -

Retention Test (Posttest, Form II). A month later, a retention test
was administered, This test was a different form of the first

’ posttest, using the same concepts and instances involved in the
training program,

e

e RESULTS

Performance During Training;

{ In the bar graphs (Figure 5) the means and standard dev-
lations of percent of correct selections, when the concept was
correctly recorded, to the total number of correct selections possible,
are compared for the three groups for the second, fourth, sixth, and
eighth day of training. It should be noted that while the Single
Hypothesis and Practiced Control groups saw the same sets of slides
throughout,the Multiple Hypothesis group workad with quite different
visual stimuli on their second day of tra aing. By the sixth dav,
however, all groups were solving the same sets of prablems,
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Evidently the children were much better able to cope with

4 the pteliminary phases of the Single Hypothesis training, The
problems were of such a low order of difficulty (only two or three
rules possible per problem) that even the Control group was able

1 to select the correct exemplar, after the correct rule was identified,
approximately 95% of the time. On both the second and fourth days
of training, the Single Hypothesis and Practiced Control groups
were reliably superior to the Multiple Hypothesis group (p< .01),
However, by the fourth day the groups did not differ reliably,

SR kg ety

While on the last day of training the three aroups were not
measurably different in the percent of correct~to-possible selections
when the rule had been written down, there was a significant
differencs (p< .01) between each of the strategy groups and the
Practiced Control in the numker of problems in which the conzept was
ceivectly identified (Table 1), For the Practiced Control, this is at
the purely chance level (four out of nine correct),

TN, eI e ik T o o m weead et o

s

] Probably the best way of estimating the effect of the memory
storage and retrieval system is to see whether, once the correct
concept is recorded, there are more correct selections than when
the incorrect concept is written down. In other words, does an ex-
ternsl reminder of the rule insure selection of the exemplar which

L matches the model according to this rule? Again looking at Table 1,
; there is strong evidence (p' s< .001) that under every treatment

: condition a correctly identified rule leads to a greater number of

: correct selections (88%) for that problem than wheén the incorrect

(R 2

rule is written down: where the rule is not identified, the number

: of correct selections per problem does not differ reliably from chance
L] (55%) .

Performance on Tests:
Leiormance on lests:

Pre-test Measures: Table 2 presents the means and standard
deviations on independent variables for three M.A. subgroups, within
the three treatments » as well 1s the totals for the experimental
populations, There are no reliable differences in scores on the
concept-identification test by treatment, supporting the assumption
that all children pogssessed comparable ability in this ekill, Approx-
imately 90% of the children scored 90% on this test, demonstrating
that the task was well within their level of ability, On the other hand,
the scores in the problem-solving pre-test were at chance levels,

v indicating that the average child of this grade and mental age has not
. yet learned to cope with the experimental task,
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TABLE 1’

MEAN NUMBER OF CONCEPTS WRITTEN CORRECTLY ON LAST DAY OF TRAINING
{9 POSSIBLE)

MULTIPLE SINGLE BETWEEN TREATMNTS
M SD I SO T P
Te25 2.36 6.50 1.81 l.64 . NS
MULTIPLE CONTROL BETWEEN TREATMNTS
M SO M SO T P
Te25 2.36 4.18 2.67 17.06 «001
SINGLE CONTROL BETWEEN TREATMNTS
M SO M SO T P
6.50 1.81 4.18 2.67 14.50 «001
TABLE 2

MEANS AND STANDARD DEVIATIONS ON INDEPENDENT VARIABLES
BY TREATMENT AND MENTAL AGE FOR ALL SUBGROUPS

MENTL AGE
TREATMENT N M SO

MH HI 15 11- 8 0- 7
MH MD 13 10- 7 0- 3
MH LO 15 9- 7 0~ 6
SH HI 14 11-10 0~ 8 .
SH MD 11 10- 7 0- 2
SH LO 16 - 6 0~ 7
CT HI 16 11- 9 0-10
CV MD 12 10- 7 0- 3
CT L0 14 8-10 0- 6
M T 45 10- 8 1- 0
SH T 42 10- 7 1- 2
crr 45 10- 5 1- 4

CONCPT IDEMTIF PRBLM SOLV

M SD M SD
22.54 1.65 NO PS-PT
22.00.1,68 NO PS-PT
23.07 1.69 12.36 2.34
21.81 2,86 13.54 3,75
21.60 1.80 11.38 3,16
23.00 1.55 11.81 2.64
22.27 1.79 13.00 3,57
20.42 3.00 12,43 3,69
21.45 2,60 NO PS-PT
22.22 2.15 12.26 3.10
21.94 2.40 1233 3,14
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Criterion Measures; Table 3 presents the means and
standard deviaticns on the dependent variables: training, posttest,
transfer tests, and retention, Using the score on the problem-
solving pre-test as a control measure, the Single Hypothesis
group shows significant gain (p< .01) on both the training and the
posttest, While the Practiced Contro! shows no measurable gains
on the training test (t = 1.3), the additional practice provided
on the last day of training seems to have had a decidedly facilitating
effect, bringing the gain up sufficiently to produce a significant
improvement at the .05 level (t = 2,0) on the posttest. It seems
that these children, on the average, developed techniques for solving
this type of problem so as to be significantly superior when com-
Pared to their own performance prior to this experience,

The graph (Figure 6) comparing the mean scores of the three
treatments on pre-test, posttest, retention, and transfer highlights
the differential effect of strategy vs no-strategy training, Figure 7,
which presents the three transfer tests alone, demonstrates the
consistency of the relationships among the Multiple, Single, and
Control groups, Hcwever, for the intermediate and far transfer tests,
the differences were not large enough to produce a significant F in
an analysis of variance, Evidently, a greater variety of training
materials would be needed to produce generalization of the problem-
solving strategies to quite different problems. Also, the transfer
problems seem to be of a higher order of difficulty, to judge by the
low mean scores after experience with closely related problems, as

compared to the scores on the pre-test over the materials used in
training,

A 3 x 3 analysis of variance over treatment and mental age
for all dependent variables is presented in Table 4, In addition,
since the study was also interested in making comparisons between
the two strategy treatments, aside from a Control group, a 2 x 3
analysis of variance is provided,

As could be expected from the fact that the Practiced Control
was given no strategy instruction during the training test, there was
a significant main effect for treatment {p< .01) on that measure when
all three groups are considered, However, considering the two
strategies alone, - there is no significant main effect for treatment,
indicating that, at least while the verbal supports were provided,
both groups were able to follow the steps required at approximately
the same level of efficiancy (over 75%). While the 3 x 3 analysis
showed no effect atiributable to mental age on training, when the
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TABLE

3

HEANS AND STANDARD DEVIATIONS ON DEPENDENT VARIABLES
BY TREATMENT AND MENTAL AGE FOR ALL SUBGROL?S

TRTMT

MH
MH
MH
SH
SH
SH
cr
CcT

" CT

MH
SH
CcT

HI
MD
LO
HI
MD
LO
HI
MD
LO

T
T
T

TRTMT

MH
MH
MH
SH
SH
SH
cr
(4
cr

MH
SH
T

HI
M0
LO
HI
MD
LO
HI
MD
LO

T
T
T

N
15
13
15
14
11
16
16
12
14

45
42
45

15
13
15
14
11
16
16
12
14

45
42
45

TRAINING

M
17.47
15.38
13.20
16.33
14.64
15.06
13.20
12.42
14.31

15.37
15.35
13.09

SD
2.87
3.88
3.73
3.20
3.04
2.89
4.20
3.73
2.63

3.84
2.99
3.59

TRANSFER A

M
17.50
13.83
12.73
14.71
15.73
13.25
12.44
12.93
11.21

14.91
14 .44
12.22

SO
2.58
5.04
3.43
3,43
2.24
3.21
4.05
3.37
3.66

.19
3.16
3.70

POSTTVEST
M SO
16,67 2.97
14.08 3,06
12.27 3.83
15.42 2.65
14.70 2.83
15.13 2,78
14.50 3,54
14.92 3,23
13.64 3,13

14.55 3,78
15.97 2.68
14,20 3,31

TRANSFER B

M SO
12.56 2.28
11.79 2.91
11.80 2.48
12.79 2.89
10.67 2.81
11.56 3,22
11.81 2.88
10.60 2.80
12.50 2.47

12.07 2.53
11.71 3,05
11.62 2.78

RETENTION

M
17.46
14.69
13.07
15.43
14.18
14.33
12.27
13.55
11.57

15.00
14.69
12.28

o
2.73
3,307
3.24
2.93
3.92
3.05
3.15
3.36
3.39

3.42
3.19
3.27

TRANSFER C

M
11.469
11.86
11.13
10.57
11.08
12.00
10.56
10.33
10.86

11.56
11.26
10.58

)
2.55
1.99
2.10
2.28
1.93
l.75
2:34
2.32
2.91

2.21
2:.04
2.47

c4.

PSR Wi 0 AR WA

.~
P NI A I T

2
.:é?
g
O

PR

N . ' P ot . . v * o < Coo
N Le St oo e % ‘ . .
e et shwen e e o gt bbbt et e s sy A gt Ve




65.

*8dnoid JusmILAIY 10} ‘1918UBL JRON pus ‘uoruelay ‘isensog ‘1893-014 U0 892008 UL *9 aunbyy
19j8uUR1Y IQON uorIUGIOY 18913804 1893-3193
- 1 - i | [
N 01
[OIJUOD PODIPRIG ---=ov-
sysoylodAy obulg — — — 11
, sysoylodAH SIdIIMN ——e =
| g
W
r et d
]
©
o
- €T 9
]
&
L
- b1
- ST




66,

"8dnosd jueuniessy o3 83180, 19JSURIL (IR UO $QI00S URON °/ ombig

Jejsuei] 103 I9JsURl], 9IVTPIULISIU] J9jsuel] IQON

N . e
;
- J'
s
30D PODJIORIG ~------ N\
syseyiodAH OfBuUlg — — —
g1seyicdAl O[ATIMN ——— -

ot

o
-~y

.~ N
"y

(3¢ ]
r~y

<
~

St

(eraresod 0z) o008 u PN

. ' '
N !
PR .
R R e et e T



67.

ot e s e oav e e

4S°11
*8E°E 29°8¢
e2)l°9 62°8L

6C° se°¢
9¢°21
06°T Ce°€2

*n@1'9 yi°5L

s229°) 8¢€°€6
3 SH

vV Y34SNViL

T R L AR Ty T e ST

c6°6
y0°2 ¥2°02
859°G 65°9¢
] iy°€
ge°ot
€T°e LL°12
&ly°y 89°6%
s8l9°L . 6€°8L
4 SH
NOiiN313¥

S€E°6
slE®t €6°1¢
*6S°Y H6°tYy
68°T OT1°11

(TDUINOD LINOHLIIN)

ee°6
66°T $S°61
oZ2E°Y $9°2%
SE€* 9c°9
E Sh
1S311S0d

(TOYINDOD HIINM)

09°0t
28°1 +s2°6t
salC°S 82°9¢
00° 00°
12°%1
L8°1 99°92
00°2 1s°82
*89.°9 €5°96
d SW
ONINIVYL

T0°® > des
G0°® > de

SITEVIUVA LIN3OGNIJ3G NO 3INVIUYVA 0 SISATVNY

e T e e

v 37egvs

o Lo

L

=N NNO

eIl

4
40

S S St TR a e el e e h o o e

(NIHLIR) UO¥Y3

9 ¥ Vv
(3) 39v VAN
(v) AN3NLVINL

INIHLIN) dYON¥3
8 X v

(8) 39V IWIN3IN

(V) AN3NLIVI¥L
3¥NoS

PR .
Sl

PRV AP




68.

two strategy treatments are compared there is a strong main effect
(p< .01) for this variable.

The r:ost interesting effects of treatments are those on
transfer and retention. Here there is strong evidence of the value
of the strategy training. On the near transfer test, which used the
same concepts with a new set of instances, Figure 6 shows that
the groups which had been taught a procedure for solving these
prokblems performed as if the new materials were no different from
the trained ones; however, the Practiced Control were unable to
cope with the new instances and fell significantly below the level
of achievement they had attained on the posttest. On both the transfer
and retention tests, the main effect for treatment was significant at
the .01 level. By Newman-Keuls analysis (Winer, 1962), there was
a significant difference (.01) between the two strategy groups and
the Practiced Control on both measures. However, there was no
reliable difference bciween the strategy treatments in the 3 x 3
analysis, When the stiaiegies are compared without the control, a
procedure necessary to test hypothesis three, the main effect of the
treatment is still below the level of confidence, but the interaction
between mental age and treatment is significant (p< .05).

A repeated measures analysis (Table 5) was carried out to
determine whether the difference between posttest-and-transfer and
posttest-and-retention show any significant relationships. For the
first analysis (posttest-and-transfer) there was a dependable main
effect of treatment, with no reliable evidence that the changes from
posttest to transfer were significant over all the subjects; nor was
there any reliable evidence of an interaction between treatments and
these test scores.

The comparison of posttest-and-retesiion presents a
slightly different picture. While the changes in test performance
do not produce a significant F, the main effect of treatment as well
as the interaction of treatment and mezsures is significant at the .05
and .01 levels, respectively.

Table 6 presents a correlation matrix for the three treatment
groups on mental age, pre-tests, and dependent variables. While
there was no measurable difference in the coefficients for M.A. and
pre-test measures over the three groups, on ail the dependent variables
there is an important difference among the cocfficients for the Mulitiple
Hypothesis and the other two treatments. As might be expacted, all
groups show significant correlations between the postiest, transfer,
and retention measures,
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TABLE 5

ANALYSIS OF VARIANCE ON REPEATED MEASURES

¥ PSTTST ¢ RETENTN POSTTST + TRNSFR

r SOURCE F NS MS F
ik TESTS " (A) l 19,27 3,13 37.60 T.l40e
. ¥ TREATHNTS {8) 2 85,66 3.47¢ 46.01 2.29
3 (A} X (B) . . 2 ¥.33 5.89ee 2953 5.61se | B
. F ERROR (BETWEEN) 117 16.02 20.12 . 3 B
X ERRGR (WITHIN) 117 6.16 5.26 % W

*n< 08
**p< ,01
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CONCLUSIONS

Support for the first hypothesis, that children who are given
instruction in either of the problem-solving strategies will be superior
to a practiced control group, was obtained with respect to solving
similar problems, retention of trained materials, and transfer to similar
problems with new instances (near transfer). However, there was no
support for the prediction that there would also be differences in

generalization to new problems.

Hypothesis two, that Multiple Hypothesis testing would
produce superior problem-solving competency as compared with the
Single Hypothesis procedure, was not substantiated on any of the

four criterion measures.

The thir¢ hypothesis, which predicted interaction between
mental age and treatment, was confirmed.

Thus this study has demonstrated that young children, through
their own efforts, were able to arrive at a method for solving certain
concept identification problems, showing a significant improvement
(from 12.3 to 14.2) in performance from pre-test to posttest. They
were not measurably inferior to the children who were given strategy
instruction, who also demonstrated approximately the same increment
in performance., However, on a transfer test which presented new
instances of the same trained concepts, the unguided group shoved
a mean score of 12.2, which was not reliably different from the
scores made un the comparable pre-test. The children who had
received strategy instruction, on the other hand, showed ro significant
decrement from posttest to transfer test, and were significantly
superior on this test than the controls. It may be inferred from these
findings that the children who were given practice, without explication
of the principles involved, were able to produce satisfactory solutions
to the practiced problems but were unable to derive generalizable
principles to help them in solving very similar probleme.

On the retention test, which used only the material over which
all children had received training, the Practiced Control group again
showed significant decrement when compared to their performance on
the posttest; the strategy trained groups showed no such loss, and
the Multiple Hypothesis group actually showed a slight gain in raw
score. Evidently the skill developed by the uninstructed children
was of such a superficial nature that it was dissipated after approx-
imately a month' s time. The strategy-instructed subjects maintained

their gains over this period.
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These data lend no support to the proposition that when
children derive solutions to problems on their own without
outside guidance, they are better able to retain what they have
discovered and to utilize their learnings irn new situations than
if they are closely guided in the acquisition of an appropriate
strategy.

Turning now to 8 comparison of the two strategies, a
significant relationship was found between the Multiple Hypcthesis
strategy and mental age. Thus, the superiority of the Multiple
Hypothesis testing strategy over the Single Hypothesis testing
strategy was significantly greater for the higher mental age children
than for the lower mental age children. For the more mature child
in this study, the Multiple Hypothesis testing strategy was found to
be more reliably effective than the Single Hypothesis procedure.
The average child in the third grade is able to per.orm a "win-stay,
lose-shift" type of technique, without replacement when memory
storage is externalized, and performs as effactively as may be
expected within the probability limits of this procedure. However,
the child of average or above average ability does not readily
internalize a procedure which relies on full use of knowledge of
results. Even when the steps are spelled out, they do not seem to
be able to profit from both negative and positive information so
as to solve problems with the minimum necessary number of trials.
While it is still quite plausible that a better, more carefully
sequenced program may be devised to teach the procedure more
effectively, so that even the average child may be able to inter-
nalize and to apply it without prompts, it is obviously not an easy
strategy for these children to acquire.
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CHAPTER VI: SUMMARY AND CONCLUSIONS

The series of experiments in this investigation was
designed to study the value of teaching children certpin informa-
tion~-processing skills, especially how to use knowledge of results
in problem-solving. Young children may need to learn to benefit
from a response which they are told is not appropriate without those
feelings of frustration which are even at this early age associated
with producing the wrong answer. Thus the child becc mes
accustomed to engaging in exploratory activities as part cf the
ncrmal process of learning, without fear of being judged competent
or incompetent as the result of what ig really a question-asking
trial, This approach would focus attention on the subject matter
itself and avoid ego-involvement in exploratory responses which
can only be correct or incorrect by chance. In this way extrinsic
secondary reinforcements of teacher approval or disapproval may

be considered subsidiary to the intrinsic reward of subject-matter
mastery.

In 3 sense, this point of view ig clocsely related to the role
played by learning sets in Harlow®sg formulation. He has demonstrated
that certain primates, who have thrcugh practice established approp-
riate information-processing learning sets, are able to reach criterion
with one trial. They are able to do so because the feedback from
the first response has become a discriminative stimulus, regardless
of whether the first selection is correct or incorrect, For such
experienced animals, therefore, knowledge of results on the first
trial provides information rather than reinforcement.

The young children in the present investigation were taught
to use certain information-processing strategies in solving problems.
Contrary to the position expressed by Anderson {1965), the term
" strategy” does not need to imply a mystical oriemation., A problem-
solving strategy may be behaviorally defined in terms of a set of

Instructional sequences designed to bring about a chain of responses
to facilitate problem solving, ,

One of the two strategies taught the subjects in these experi-
ments may be considered an information-getting procedure where the
child was taught to interpret kaowledge or results so as to reject
more than one hypothesis at a tima. In this Multiple Hypothesis
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testing strategy the children were taught to test hy~otheses without
commitment on the initial trials, The child, therefore, was taught
to adopt an exploratory point of view, to obtain the necessary
information in a systematic manne:, before committing himself to
any solution. In this strategy, therefore, knowledge of results
was regarded purely as information and did not fulfill the function
of reward. Finding out that a wrong choice . had been made was
not viewed by the child as an indication of failure; he was taught
to learn just as much from the feedback regardless of whether he
picked right or wrong alternatives on the #wo initial trials,

A second strategy, called the Single Hypothesis strateqgy,
encouraged the learner to make a tentative commitment to a selection
and to stay with it until proven wrong, This procedure, sometimes
called the "win-stay, lose-shift" strategy frequently adopted by
gamblers, did not stress knowledge of results as information,
Instead, the child was taught to view his first guess as successful
if it "worked" and a failure if it did not. The Single Hypothesis
strategy was, therefore, a simpler procedure for the child to learn
and adopt. He merely had to remember not to try a rule which ke
had previously found to be wrong for that problem,

In addition to comparing these two strategies, the series
of experiments explored the value of ~ach of these two instructional
procedures as compared with a third: an opportunity for children
to develop their own individual methods. This last group, the
practiced control, were allowed to solve these problems with the
same immediate knowledge of results, but were given no special
strategy instructions.

PROBLEM

The central questions asked by the investigation were:

1. Will the information-getting Multiple Hypothesis testing strategy
be learned and used by children more effectively than the Single
Hypothesis testing strategy?

2. Will either of these procedures result in more effective performance
than uninstructed but equivalent practice where children are left
to develop their own strategies?
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3. Will the more sophisticated Multiple Hypothesis strategy be
more effective with chiléren of higher mental age than with
children of lower mental ability ?

4. Will overt speaking or verbalization of the solution, or rule,
help children in acquiring either of the two strategies?

METHOD

Apparatus:

The apparatus used in these studies was the UCLA Group
Teaching Machine, which provides for the simultaneous instruction
of ten children, Each child sat in a booth so that he could see
the screen in front. The commentary was heard through the earphones
as slides were projected on the screen. Each child responded by
Pressing a button to correspond with the picture of his choice. He
received immediate knowledge of results by means of a red or green
light to indicate whether he was correct. Microphones were used
during the second experiment where the possibility of verbalization
was explored.

The experimenter sat in the rear of the room to monitor the
administration of the programs. The control center included a
Kodak Carousel slide projector, a Wollensack tape recorder, and a
Clary data punch to record the responses of the children. Through
the use of a computer facility it was possible to take the punched
tape and process it so as to obtain not only a printed summary of the
programs of each child, but to provide the statistical analyses which
were necessary.

Subjects:

For the first two experiments 110 and 108 children,
respectively, were used. These children constituted the total
third grade populations at two different Log Angeles City elementary
schools. The mean mental ages of these samples were 109 months
for the first and 112 for the second. This difference was partially
due to the fact that the second experiment was conducted approximately
two months aftcr the first one. The third and last experiment involved
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a total of 132 third grade children in another school system within
the Metropolitan Los Angeles area. The average mental age of
this population was 127 months, which is fairly high for a third
grade population,

Experimentai Tasgk;

The matching-to-sample problem chosen for this study
involved discovering the rule for grouping two objects together into
a single class. In order to provide a problem which the young child
could reasonably be expected to solve without help, the children
were given the four possible hypotheses; the task was to discover
which one had been designated as the rule for each problem, A
problem consisted of six slides on each of which there was a model
picture in the top center and two exemplars below, one of which
matched the model. There were four bases for matching: color,
shape, number, and size. For each slide, the child had to select
the picture which matched the model accor ding to the rule for that
problem. The child was informed immediately whether the choice
was correct or not, The terminal problems were arranged so that
one of the exemplars matched the model on two of the four bases
while the other matched on the remaining two,

Young children of this age usually use no systematic
method for attacking such problems. They will try hypotheses at
random, frequently testing again hypotheses which they have
earlier found to be wrong. The task thus appears to be appropriate
for comparing different types of instruction in systematic problem
solving.,

Instructional Treatments:

I. Multiple Hypothesis Testing Strategy

In this strategy instruction the child was taught to postpone
formulation of a solution until adequate information had been obtained.
On the first trial in each problem, the child's response was aimed
at finding out which exemplar was correct. He could then examine
both exemplars to determine which two hypotheses to reject and
which two were still viable. On the second trial, the child's
response was again directed toward identifying the exemplar which
contained the correct hypothesis, Regardless of which exemplar
had been selected on the second trial, it was possible on the basis
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of the information obtained to "zero in" or. the problem solution.

By using this strategy, the child should have gained sufficient know-
ledge to enable him to obtain a perfect score on the last four trials
of each problem.

This Multiple Hypothesis testing or information-processing
strategy, therefore, has several features: 1) the child is taught to
pay careful attention to the knowledge of results he receives on each
trial; 2) he treats this feedback as useful information not as a reward
for guessing correctly or a punishment for incorrect guessing; 3) by
using the information supplied in two initial frames the child makes
the most efficient decision at each point and, theoretically at least,
solves the problem most quickly.

II. Single Hypothesis Testing Strategy

In the second strategy for this type of concept-identification
problem, the child was taught a simple but systematic method of
discovering the appropriate rule., He was simply instructed to try a
rule and, if it worked, to continue using it; if the rule did not work
the child was instructed to select and try another rule. Since he was
also taught never to select a rule which had already been rejected,
the strategy was one of non-replacement.

III. Practice without Instruction

In the first and third experiments, a third treatment group
was included., These children were given the same orientation to
the equipment and information regarding the nature of the task as
the other groups. They were presented with the identical visual
materials as the Single Hypothesis treatment. The only difference
was that the Practiced Control subjects were not given any problem
sclving strategy instruction; instead, they were given the opportunity
to develop their own information-processing systems,

Procedure:

An important feature in preparing the visual materials for
all three groups was the use of a computer to generate sequences
of instructional frames, The computer print-outs were arranged to
guide the photographing of the slides for the final program. By this
method not only was there a considerable saving in preparation time,
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but there was a high degree of confidence that an adequate
sampling of available rules and instances were being presented.
Randomness was also assured so that systematic programming

errors would not allow the learner to be successful for the wrong
reascn,

For each of the experiments, children were brought in
groups of ten to a regular classroom which had been gset aside for
this experiment, The daily lessons lastad from ten to twelve
minutes and the total period of instruction and practice ranged from
three to eight days in the different experiments. Approximately
two to three additional days were required for the posttest,

Criterion Tests:

In all three experiments, an immediate posttest, with
problems of the same type as used during training, was given to
all subjects, In the second and third experiments, a second form
of the immediate posttest was administered as a retention test
eight weeks and three weeks later, raspectively. In addition, en
the third experiment three transfer tests, varying along the continuum
of transfer, were presented.

RESULTS

In the first experiment three groups were used: a Multiple
Hypothesis, a Single Hypothesis, and a Practiced Contro'. On the
immediate posttest, the Single Hypothesis strategy proved to be
significantly superior to each of the other two treatments., ‘he
Multiple Hypothesis testing strategy was not reliably suparior to
the Practiced Control, No interaction effects involving mental age
were reliable, although a significant correlation between mental
age and the Multiple Hypothesis strategy had been obtained.

In the second experiment, the two instructional strategy
programs were compared, each with a verkbalization and a non-
verbalization condition; in this 2 x 2 factorial design no practiced
control was used. For the first time a retention test was added.
In this study the Single Hypothesis strategy was again found to
be superior to the Multiple Hypothesis on the immediate posttest.
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However, the difference between these two strategy instructions
was not reiiable on the retention test. There were no significant
differences attributable to the factor of verbalization, suggesting
that these children were too old for this variable to have an
important effect,

In the third experiment the Multiple Hypothesis program
was improved and expanded to eight daily lessons. With the
final programs no reliable differences between the two strategies
were obtained on any of the several criterion tests (immediate
posttest, transfer, or retention) used for this experiment; the
Multiple Hypothesis strategy instruction was no longer reliably
different from the Single Hypothesis strategy.

Contrary to the results obtained in the first two experiments,
tne Practiced Control did not differ reliably from either strategy
group on the immediate posttest. It seems likely that the greater
mental maturity of the subjects in the third experiment enabled
them, on their own, to discover some method of coping with the
immediate problems. However, the mean score of this group was
significantly below that of either of the strategy groups on the
transfer test as well as the retention test given three weeks
later. By using a repeated measures test, the decrement of the
Practiced Control from the immediate posttest to each of the other
two measures was foand to be reliably greater than the comparabie
loss for the strategy groups. It would appear that children who
learn some problem solving strategy on their own do not generalize
or remember it as well as those children who have been systematically
instructed o use a particular strategy.

The prediction that mental age would interact with the
strategy treatments was supported in the last experiment, where the
difference in performance between the high and low mental age groups
was significantly greater for the Multiple Hypothosis strategy
treatment than for the Single Hypothesis strategy treatment,

Additional 1ight is thrown on this question by noting that the
correlations between M. A. and posttest performance for the Multiple
Hypothesis treatment were .41, .36, and .48 for the three experiments,
respectively. On the other hand, the comparable correlations for the
Single Hypothesis treatment were . 15, .11, and -,10. The difference
in correlations was consgistent over the three experiments; on the
last experiment the difference was statistically reliable. These
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results demonstrate that the effectiveness of the more difficult but
presumably more efiicient strategy was more closely related to the
mental ability of the learner than was the simpler Single Hypcthesis

strategy.

CONCLUSIONS

A number of conclusions may be drawn from this series of
experiments,

i,

There was overwhelming evidence that instruction in
problem~-solving strategies inveclving the discovery of

a rule was superior to the policy of providing children
with an opportunity to practice and to formulate for them-
selves proceduras without help, In the final experiment,
this group of children sonehow learned to solve these
probiems at a level not reliably different from the other
two groups. However, in comparison with the system-
atically instructed group, these "self-taught" children
forgot reliably more during succeeding weeks. They
also were less able to'generalize whatever they had
learned to new problems, This experiment, therefore,
contradicts the popular notion that learning how to solve
a class of problems on one' s own is forgotten less rapidly
and generalizes more widely than being carefully taught
to adopt a systematic procedure.

The experiments demonstrated that in comparison with the
simpler Single Hypothesis strategy, more capable children
profited more from the Multiple Hypothesis strategy than
did the less capable children, Individual differences in
ability were more closely related to success with one
instructional procedure than with the other.

The findings of this investigation may indicate that the
curriculum of the primary grades should include, along
with the necessary specific competencies, what might
be considered a scientific attitude toward information
getting and processing, Systematically encouraging the
young child to ask questions and pose hypotheses on his
own may prove to be a procedure in the cultivation of the
young intellect which is not only desirable but possible.
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Abstracts of Two Pilot Studias |
1. Labeling and variety in concept ideritification

+

with young clitldren

2. Verbal'cues and variety in concept ientification
learning of young children
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ABSTRACT
Labeling and Variety in Concept Identification with Young Children

Effects of labeling and variety were tested with 140 1s: grade and
137 kindergarten children under automatically controlled experimental
conditions, 6 treatment groups rehearsed either concept or in-
stance labels using 8 concepts with 3 instances, 4 concepts with

6 instances, or 2 concepts with 12 instances., Xindergarten children
rehearsing concept rather than instance labels received dependably
superior scores in learning but not in transfer tests, 1st-grade
children demonstrated both superior leariing and transfer under
concept-rehearsal conditions, Varieiy also produced significant
differences at both age levels on learning tests, Intermediate
variety (4 concepts) facilitated transfer to new instances and new
concepts for older children, Results indicated the 2-concept,
12-instances condition to be least effective,




ABSTRACT

Verbal Cues and Variety in Concept Identification Learning

of Young Children

40 Kindergarten children were randomly assigned among 4 treat-
ment groups and taught to identify 2 concepts: animals and toys.
The treatments were: 1) Label cued with 3 instances of each
concept; 2) label cued with 6 instances of each concept;

3) No label with 3 instances; and 4) No label with 6 instances.

It was hypothesized and verified (.05 level) that cueing with
appropriate concept labels would produce superior learning and
transfer as compared with practice alone, without verbal cues,

It was also hypothesized that cueing with several instances of

each concept would provide superior learning and transfer as
compared with few instances, While the evidence to support this
hypothesis was not statistically significant, adjusted mean scores
on all measures of learning and transfer indicated that, with cueing,
higher mean scores were produced when 3 instances of each concept
were used; in the uncued condition, 6 instances invariably pro-
duced higher scores.
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A Computer-Generated Sequence of Instructional Fiames
to Teach Problem-Solving Strategies to

Young Children

With certain types of instructional programs, the writer of
frames is frequently required to consider a wide range of criteria
if simultaneously. It seems inevitable that for tasks of thig kind

3 computers will become increasingly valuable in producing the de-
: sired sequences, The present paper reports the application of
computer technology in gencrating an instructional program for an
experimental investigation of young children' s acquisition of
strategies for solving concept-identification problems (Stern and
Keislar, 1966).

For this study, it was necessary to randomly sample in-
stances along several dimensions at the same time, under a number
of critical constraints which were systematically removed during the
course of instruction. The subject was presented with & 35 mm.
slide containing three separate pictures: a model and two exemplars,
Each picture consisted of from one to four different forms which
could also vary in size and color; e.g., two large red stars, three
small green circles, etc. The task was to discover, for each
problem, the rule for matching an exemplar witk a model. A problem
consisted of four to six slides; for each slide the subject had to
select, from two exemplars, the one which matched the model on the
basis of the correct rule for that problem. There were four possible
rules or bases for matching: number, size, color, and shape, with
two levels or instances of size, and four instances each of the other
three dimensions. With these materials it was possible to have
128 different combinations of dimension instances for any one picture,
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i The problem posed to the computer was to formulate sequences
! of three four-place numbers which would satisfy certain critical con-
e straints necessary to produce a good instructional program, f.e., one
in which there would be a grazdual increase in problem difficulty con-
h sonant with the gradually-increased ccmpetence of the learner. The
first step in the procedure was to randomly select one of the available
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dimensions to be the correct rule for a problem. Even though there
Z are 128 combinations possible for any one picture, the next step,
‘* selecting the digits (representing specific instances) to describe the

model, is not too difficult if a table of ranclom numbers is used.
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It is the multiplicity of ways in which the two exemplars
car relate to the model and to each other which determines the
difficulty level of a particular item within a problem. Since a
slide consists of three individual picture descriptions, and each
of these pictures has 128 possible gariatlons or combinations of
dimension instances, there are 128" possible slide permutations.
A purely random selection of sequences of slide descriptions could
not dependably produce a designated number of consecutive frames
matched according to a predetermined rule, More important, how-
ever, it could not provide a apecified number of successive problems
of graded levels of difficulty without a set of complex relational
restrictions. It is the necessity for maintaining the constraints
required to produce a well-built instructional program which makes
this a herculean tagk for a human programmer,

It has been noted that the critical feature of this particular
instructional program involves the gradual increase in the difficulty
of the problems. At the beginning it is necessary to have problems
that are relatively easy to solve, while the terminal problems
should be of maximum complexity. A logical analysis of the mate-
rials indicates that there are several variables which determine the
difficulty level of a problem. These include:

1) The number of irrelevant dimensions in which the correct
exemplar is like the model;

2) The number of irrelevant dimensions in which the in-
correct exemplar is like the model;

3) The number of irrelevant dimensions in which the two
exemplars are like sach other; '

4) The number of possible rules available for matching in
each problem. In the beginning, the learner should be
required to choose from only the two most easily
discriminated rules (color and shape); at the ead he must
select the correct cne from among all four possible rules.

The instructions to the computer, therefore, specify
appropriate constraints, which may be modified after a given number
of sequences of a spacified type have been generated. In this way,
the computer may be programmed to generate sets of problems of
increasing complexity.,
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Within the constraints defined above, the computer may
also be instructed to sample at random a wide variety of cdimension
instances, so that the learner will not be mislead by unintended
regularities,

A simple type of computer output could be in terms of a listing
of the three sets of four-digit numbers describing each of the slides
in the program., However, converting these numbers into the com-~
bination of dimensgional instances for photographing the slides permits
too much opportunity for human errors in decoding. For this reason,
the computer was instructed to translate the numeric code into words
which would give a straightforward description of the composition of
each slide.

While the program developed and reported here is specifically
designed for use with the materials and content of the study cited,
it can be easily adapted to & wide variety of applications, Loth in
experimental research and in programmed instruction, For this reason,
a brief description of the computer input and output is appended, and
2 printout of the source deck is availrble upon request,

COMPUTER INPUT:;

System Cards*

Program Deck The program deck spells out the instances of the
various dimensions, which are translated into alpha-
numeric descriptions in the output. If different
dimensions or different instanceg are desired, changes
in the program deck will be necesstry, However, if
the same number of dimensions and instanceg of each
are used, it is possible to adapt the output from the
same deck by equating new dimensions or instances
to the original ones. For instance, in constructing
probiems for the test of transfer to new instances of
color and shape, instances §, 6, 7, and 8 were sub-
stituted for i, 2, 3, and 4 respactively, and probiems
generated by the same computer programs were used,

There are 10 output items for each prcblem, The first
identifies one of four dimensions randomly selected ag
the relevant dimension for the problem, and indicates
the problem number. The nino subsequent items
describe the slides for that proble~,

* All system cards are for a Fortran IV Program on the 7094 Computer,
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$ Data Card

Data Cards  One for each set of problems of different level of
difficulty or different types of ambiguities., Each
deta card must provide the following type of
instruction:

Column

2

"k&":sz&:&@&}ﬁ ‘._.,J:@“"Mhr

~EE

1 Level of problem difficulty,
1 = One relevant dimension only
2 = Two relevant dimensions, one for each exempiar !

-~

3 = Three relevant dimensions, randomly assigned
to exemplarg o

4 = Four relevant dimensions, two for each exemplar

. b
M
T e Ly,

~
]
w

Number of problems of a specific level of difficulty to
be generated. K

BRI

N

4-12 Tables controlling three types of ambiguities for each
of three non-relevant dimensions:

800 = Typs 3 ambiguity: Both exemplars }ike model,

080 = Type 4 ambiguity: Both exemplars like each other:
unlike model.

008 = Type 5 ambiguity: Both exemplars unlike each other
and unlike model (except dimension 2 which has
only two instances, and thus only Type 3 or 4
ambiguities are possible). ]

224 = Type 3, 4, or 5 ambiguity, designatec at random -5
(except no Type 5 for dimension 2).

Y el Ly

- R

. aae A

13 1 indicates that all frames of a problem will have the %
seme randomly-selected instance of each of the non- %
relevant dimensions. Blank indicates a!! instances are &
randomly selected from slide-to-slide within a problem. g

14 ~ 17 Output options., These determine whether each new daia
card will continue the sequence of problems or begin a
new sequence, within a specified leve} of difficulty.

All blanks indicate that each data card controls its own
output, | ‘
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14 1 = Printcut only, if
>

15 1 = Punch and print additional output, ’g;
g

16 1 = Punch continuing set of cards, without printing. ]
17 ! = Continue sequence from preceding data card of !

same difficulty level,
Examples: 105800800800111 1 i

Level 1; 5 problems; all non-relevant dimensions of
Type 3; non-relevant dimensionsg repeat instances on
first slide for all siides of thig problem; punched
cards and printout requested; continue gseJjuence of
problems of same level,

¥ s At

310224224224111 1

Level 3; 10 problems; two non-relevant dimensions match
mode}; non-matching non-relevant dimensions may be of

Type 3, 4, or 5; whichever one is selected at random in A
first slide will hold for all slides of problem, and be the
same instance as in the first glide; punched cards and i
printout requested; continue sequence, "

. ‘ 5 '
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2058000800801 1

Level 2; S problems; each exemplar like model in one
(different) dimension, First non-relevant dimension has
Type 3 ambiguity; second non-relevant dimension has
Type 4 an higquity; in a level 2 problem, the third non- o
relevant dimension will be like the model but not like

the correct alternative; punched cards and printout

requested; start new sequence.

:’,\\..‘ P

COMPUTER OUTPUT; .

Column ',:
1 Problem difficulty level {described in computer input), Ak

2-3 Problem number (within difficulty level), : ,, ’

4 Slide number (within probiem),
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10

11

14 - 27
30 - 43
46 - 59

Example:

Type of correspondsnce or ambfguity for each of four
dimensions (described in computer input),

Location of correct exemplar, pir slide:

1 = Left; 2 = Right,

Correct concept; 1 = Number; 2 = Size; 3 = Color;
4 = Shape,

Description of model,
Description of left exemplar.

Description of right exemplar.

41112211 21 4 LGE BLK STAR 1 SML BLK STAR 4 LGE RED CIR

This statement indicates a Level 4 problem; problem 11;
slide 1; right exemplar like model in number and size;
left exemplar like model in color and shape; right
exemplar correct; number is correct concept; model is

4 large black stars; left exemplar is 1 small black star;
right exemplar is 4 large red circles,
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SOURCE DECK FOR GENERATING INSTRUCTICNAL FRAMES TO TEACH PROBLEM
SOLVING STRATEGIES 7O YOUNG CHILDREN

SDATE 32165
$IBFTC 2MU DECK
INTEGER NV(&)
DATA (NV(I)yI=144)/4920454/
INTEGER ICD(4)
INTEGER ITP, IPR(4),ISL
DATA (IPR(!)yI=1,47/42100/
INTEGER ISK(343),1ID(3),11CD(8,3)
INTEGER VLFLG,0UT(4)
LOGICAL NOPR,NOPU
INTEGER DIM(4)oSIZE(2),COLORE4)(SHAPE(4)
DATA (DIM(IJo131,4)/6HNURBERy6HSIZE o6HCOLOR o 6HSHAPE /,
- (SIZE(1)y1=292)/3HLGEy IHSML/
- (COLOR( 1), I=144)/3HREDy 3HGRNy 3IHBLK ¢ BHYEL/,
- (SHAPECI) 9 I=1,4)/4HCIR ,4HSTAR)4HDI o 4HBEAN/
INTEGER IVLV(4), IVLL(4),IVLR(4)

EQUIVALENCE
= CIVLTL,IVLTI1) D)o (IVLT20EVLTC(2) )y (IVLT30IVLT(3) ), (IVLT4,IVLT{4))

=9 CIVELL IVLL(L1) Do CIVLL2, IVLLI2) Do CIVLL,IVLLI3) )0 (EVELGy IVELLL))
= (IVLRLoIVLR(2) )9 (IVLR2, IVLR(2)) s CIVLR39IVLR(3) )y (IVLR& IVLR(4))

c
C READ INPUT
c

30 READ(S591) ITPyNPROBy((ISK(EgJd)gI=193)9Jd=193)eVLFLGs (OUT(I)oI=1,4)
| FORMAT(Ii,1201411)

C .
(¥ GUTPUT HZADING
C

WRITE(692) NPROB,iTP

2 FORMAT(?1°,13,* PROBLEMS OF TYPE *11)
WNINC=4-ITP
NOPR=,TRUE.
NOPU=,TRUE.
IF{OUT(4) . NE.O) GO TO 29
NOFU=,FALSE,
IF(QUT(3).NE.O) GO TO 20
NOPR=.FALSE.
IFIOUT(2).NELO) GO TO 20
NOPU=,TRUE.
IF(CUT(1).NE.O) GO TO 20
NOPR=, TRUE.

SETUP TABLES
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20 IFININC.EQ.O0) 6V TO 100
00 60 I=1,NINC
K=0
00 60 J=1,3
LeISK(Jol}
IF{L.CQ.0) GO TO 60
DO 50 LL=]l,L
K=K+] '
50 IICO(KyI)mJe2
60 - CONTINUE
c
C PROBLEM LOOP
(
100 DO 800 IPROB=1,NPROB
IPRUITP)=IPRIITP)+]1
DO 110 1D=1,4
110 ICD(ID)=Q
JJD= JRANDM(RPAT, &)
ICD(JJD)=-]
IFI(NINC.EQ.0) GO TO 150
00 130 I=1,NINC
120 JO=JRANDM(RPAT,4)
IFLICD(JD).NE.O) GO TO 120
ICD(JD)=3
130 11D(1)=JD
150 W=} .
DO 170 I=1,1TP
160 JD=JRANDM(RPAT,4)
IF(ICD(JD).GT.0) GO TO 160
ICDO(JD) =M
170 M=3-=N
(
C OUTPUT PROBLEM CARD
(
ISL=0
IF(NOPR) GO TO 210
WRITE(6,201) ITP IPRUITP) 2 ISL9JJD,DIM(JJID)
201 FORMAT( 0 e T1952,1196X011,1X,26)
210 [IF{NOPU) GO TO 220
WRITE(7,211) ITPoIPRUITP?) o ISLyJJID,DIM(IID)
211 FORMAT(I1,12,12:6X,1201X,46)
(
c SLIDE LOQP
(
220 DO 800 ISL=1,9
(%
C CHANGE 1 AND 2
c
GO TO (3109330,350,370),1TP
C TYPE 1
310 ICD{JJD)=3~-JRANDHIRPAT,2)

GO 70 390

100.

)
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340

C Y

350
c TV
;, 370

380

385

;V
OO

390

400
c

R I L

c
405
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R 410

420

[ N,

e S—

c
430

ey radid

“ égj;. e T
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440

C
450

C TYFE 2
330

IF(JRANDMIRPAT,2).EG,1) GO TO 320
DC 340 ID=i,4
IF(ICO{ID).LE.2) ICO(ID)=3=1COD(1D)
GO 10 390
PE 3
ICO(JJID) =3-1CD(JJ4D)
GO TO 330
PE 4
M= JRANDM{RPAT, 4)
IF(ICO(M).EQ.2) GO TO 370
N=JRANCM{RPAT ,4)
IF(ICDIN).EQ.1) 60 TO 389
I1CO(M) =2
ICDINY=]
IF(JRANDM(RPAT,2).EQ.1) GO TO 390
00 385 1D=1,4
ICO(ID)=3-1ICD(1ID)

SETUP CODES 3, 4, AND 5 FOR SLIDE

IFININC.EQ.O) GO TO 405
IF(VLFLG.NE.O.AND.ISL.GT.1) GO TO 405
D0 400 I=1,NINC

KaJRANDM(RPAT, 8)

L=110(1)

M=1ICD(K,I)

!F(LOEQOZOANDOHOEQOS, "-JR‘ND"(RP‘?OZ,’Z

ICD(L)=M

C FILL IN INSTANCES

00 500 10=1,4
K=ICD(ID)

RF(VLFLGONEOO.AND.ISLQGrOl, GD TO (‘10’
GO TO (41094300450,470,490),K
CODE 1
IVLT(ID)=JRANDM(RPAT ,NV(ID))
TVLLUID)=IVLTIID}
IVLR(ID)=JRANDM(RPAT ,NV(ID))
IFCIVLRUID) 4EQ.IVLT(ID)) GO TGO 420
GO TO 500

CODE 2 .
IVLT(ID)=JRANDMIRPATNV(ID))
IVLR(ID)=IVLT(ID)
IVLLUID)=JRANDMIRPAT oNV(ID))
IFCIVLLUID) EQ.IVLTLID)) GO TO 440
60 T0 500

CODE 3

IVLT(ID)=JRANDM" RPAT¢NVIID))
IVLL{ID)=IVLT(ID)
IVLRUID)=IVLT(ID)

GO TO 500

4309 50045009500) K
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C  COOF 4
470 IVLT(1D)=JRANDM(RPAT,NV(ID))
480 IVLLIED)=JRANDMIRPAT,NV(ID))
IFCIVLLUID) .EQ.IVLT(ID)) GO TO 480
IVLR(ID)=IVLL(ID)
GO TO 500
C  CODE |
490 IVLT(ID)=JRANDM(RPAT,NV(ID})
494 IVLL{ID)=JRANDM(RPAT,NV(ID))
IFCIVLLIID) JEQ.IVLT(ID)) GO 7O 494
496 IVLR(ID)=JRANDM(RPAT,NV(ID))
IFLIVLRIID) ¢EQ.IVLTIID) (OR.IVLR{ID)LEQ.EVLLIID)) GO TO 496
500 CONTINUE

R T *ﬂ‘é"!\ﬁ@g‘uhﬁml “ - EA s

C
c OQUTPUT SLIDE
C

IVLT1=1IVLT]
IVLT2=1IVLT2
IVLT3=]IVLT3
IVLT&=IVLTS
IVLLI=IvVLLY
IVLL2=]VLL2
IVLL3=]IVLL3
IVLL&=]VLLA
IVLR1sJVLR]
IVLR2=1VYLR2
IVLR3=]VLR3
IVLR&=[VLR4
IFI(NGPR) GO TO 530
WRITE(6,501) ITP.IPR(ITP).ISL.(ICD(l)cl'loﬁ)olCD(JJD)oJJDo
-IVLTloSIZE(IVLTZ)QCOLOR(IVLT3)9SHAPE(IVLT‘)O
-IVLLI.S!ZE(lVLLZ)oCOLOR(IVLL3’9SH‘PE(IVLL4)0
=IVLR1,SIZE(IVLR2) yCOLOR( IVLR3), SHAPE( IVLR4)
501 FORHAT(IX.11912051191X021193(2x9llollvi3olon3QIXoA4,)
530 IF(NOPU) GO TO 800
WRITE(7,531) lTPolPR(I?P)oISLo(ICD(l)ol'lo#’olCD(JJD,oJJDO
-IVLTI:SIZE(IVLTZ).CDLOR(IVLT3)QSHAPE(IVL76)O
-IVLLI.SIZ&(IVLLZ’.COLOR(IVLL3)9$HAPE(!VLL4)'
-IVLRleS!lE!!VLRZ):COLO&!!?LR399§%APEQHVLR43
531 FDRMAT(llo12951191X921193(ZXollolXoASQIXoA3olxol¢)’
800 CONTINUE
GC TO 10
END
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1. An auto~instructional program to teach young' children

two strategies for solving concept idenitification problems
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Ar: Auto-instructional Program to Teach Young Children

Two Strategies for Solving Concept Identification Problems

In the preceding secticn, a general rationale for thie con-
struction of an instructional program to tezch young children certain
strategies for solving concept-identification probiems has been
described. The various ramifications and complexities involved in
writing the individual frames, and the value of a computer in par-
forming this task, was also explored. Finally, the computer program
designed to generate sequences of frames within certain sets of
constraints was presented. In this section, the actusl instructional
programs, including both the numeric-code descriptions of every
slide used, as well as the accompanying verbal commentary, are
given in detail, For convenience and brevity, only the code descrip-
tions of the pictures are reported. The numbers can be translated by
reference to the following coding instructions:

Picture Description;

The basic materials of the program represent four dimensions
or concepts: number, size, color, and shape, with several instances
of each. Two sizes, large (1) and small (2); four colors, red (1),
green (2), blue (3), and yellow (4); and four shapes, circle (1),
star (2), diamond (3), and a free-form "bean" (4), are used.

The dimension itself is assigned a location in a four-place
number. Thus each picture can be separately described. For its
mneumonic value, the locations follow the natural language sequence;
for example, “one small yellow star® is certainly a more familiar
structure than " star yellow one small*, Hence, number is alwayvs
the first place, size the second, color the third, and shape the
fourth of the four-place number, and the code for "one small yellow
star" is 1242, Three four-place numbers describe the three pictures
on a problem slide.

Model-Exemplar Relatiggshlg:

2

In addition to the&viumbers designating the dimension instan-
ces, a code was developed to describe the relationship between the
model and each of the two exemplars, as well as the exemplars to
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’ each other, for each of the four concepts. Thus "1* in any of
F the four dimension locatione indicates that the lefthand exemplar ;
: (Exemplar 1) is like the model in that particular dimension, but
- % the righthand exemplar is different from the model. A "2*

indicates the reverse: the righthand exemplar (Exemplar 2) is like
the model and the lefthand exemplar igs not. A *3* indicates

that all three pictures are alike (i.e., the same instance) for
that dimension; "4" means that the two exempiars are like each
other but unlike the model; and *5" signifies that all the pictures
are different instances of the particular dimension. A type code ‘
of 2134 thus means that Exemplar 2 has the same number of designs :
_ 4 as the model, but Exemplar 1 has a different number; Exemplar 1
- is the same size as the model; all the pictures are the same color,

and picture 1 and 2 are the same shape as each other but different
from the model,

In the programs, four sets of four-place numbers represent
every slide where a model and two exemplars appear, However, the
first two days of the new Multiple Hypothesis training used pictures
of familiar objects, with appropriate words to describe them, rather
than numeric codes,

N e W it BVt e+ ity oneeen it o i e e g i

-

Criterion Tests:

[ While the posttest had the same dimensions and instances as
the training program, the first transfer test used the same instances
of size and number, but new instances of color: orange (S), purple
(6), turquoise (7), and blue (8), and shape: swans (5), squares (6),
boats (7), and cones (8).

B O N R K e T R RENE T R S

? The second transfer test moved to entirely new dimensions.
b Here, the pictures were all black-and-white drawings of triangles
¥ which varied in tarms of interior design: none (1), stripe (2), or

’ dots (3); direction of tip: up (1), down (2); presence or location of
2 a bar: none (1), at tip (2), at base (3); and border: none {1), solid 1
‘ line (2), dotted line (3). Again, four sets of four numerals were

: used to describe each slide of a problem. Ail problems in the

!’ transfer test were of the 1122 type; that is, one exemplar was like
i the model in two dimensions and the other exemplar was like the
model in the other two dimensions. Thus, while the picture con-
tent was quite different, the problems could be solved by applying
the strategy taught in the training programs.
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In the last set of transfer problems a new format wag used, .'"
Tasiwead of a model in the top center and two exemplars below, a
problem slide consisted of only two boxes, in each of which there
was a plcture of a familiar object, Each picture contained a con-
: Junctive concept and could be categorized in two ways: living or
non-living; earth or air. Thus, an ape belonged to the living-earth
] class, a butterfly to the living-air class; a house was non-livinge
earth, an airplane non-living-air, The problems consisted of four i
slides in which the object was to determine the correct "rule", 4
Again it was possible to use the strategies taught to test the
hypotheses and select one which was appropriate for the particu-
_ P lar problem, If the Multiple Hypothesis strategy were uged j |
s L efficiently, it was possible to arrive at the solution on the second 1 1
slide, Thus, if a green light indicated that the ape was the correct
s exemplar, and the helicopter was incorrect, both the non-living
H and air categories could be eliminated. On the second slide, either
a green or red light would determine whether the correct hypothesis
was living or earth, If the green light appeared for the bird (or the

red light for the house) the inference could be drawn that the cor-
rect hypothesis was "air",

For ease in describing the slides in this transfer test, the
concepts are assigned a four-place number as follows: earth (first
- : place), air (second place), living (third place), not-living (fourth

¥ place). Since each picture represents a conjunciive concept, any
one picture has the same instance number in two different places.

Transfer Test C

Ape 1010 House 1001 Butterfly 01i0 Helicopter 0101
Bear 2020 Train 2002 Parachutist 0220 Balloon 0202
Ram 3030 Slide 3003 Dragon fly 0330 Star 0303
Snake 4040 Car 4004 Hummingbird 0440 Kite 0404
Goat 5050 Truck 5005 Oriole 0550 Rocket 0505
Flower 6060 Skate 6006 Wren 0660 Plane 0506
Pig 7070 Toy 7007 Bluejay 0770 Zeppelin 0707 o
Tree 8080 Sled 8008 Eagle 0880 Arrow 0808
Carrot 9090 Shoe 9009 Robin 0990 Capsule 0908

' i . Al ey Y, e e, <
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All the slides and commentary for training and testing are R |
described in the following pages. i
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Multiple Hypothesis strategy

2. The program for teaching the
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